Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



( . . 



■r^ 



Cyclopedia 



of 



Civil Engineering 



-/ Getwral Reftrcuct JVork 

OX SURVEYING, RAILROAD ENGINEERING, STRUCTURAL ENGINEERING, ROOFS 

AND BRIDGES, MASONRY AND REINFORCED CONCRETE, HIGHWAY 

CONSTRUCTION. HYDRAULIC ENGINEERING, IRRIGATION, 

RIVER AND HARBCJR IMPROVEMENT, MUNICIPAL 

ENGINEERING, COST ANALYSIS, ETC. 



Editor-in- C/iiff 
FREDERICK E. TURNEAURE, C. E., Dr. Eng. 

DEAN, COLLEGE OF ENGINEERING, UNIVERSITY OF WISCONSIN 



J Si is ted hy a Cor/'> of 
CIVIL AND CONSULTING ENGINEERS AND TECHNICAL EXPI:RTS OF THE 

HIGHEST PROFESSIONAL STANDING 



11/ list rated iiith o\'er Three ThoiLumd l-'jij^ravinj^s 



EIGHT VOLUMES 



( HICAGO 
AMERICAN SCHOOL OF CORRESPONDENCE 

> I'lOS 



J I 



33133A 



OOPTBIGHT. 1906 
BT 

AMERICAN SCHOOL OF CORRESPONDENCE 



COPTBIOBT. 1908 
BT 

AMERICAN TECHNICAL SOaETY 



Entered at Stationers' Hall, London. 
All Riffhta Reserved. 






• " 



• • a« t • • •• 

* •• ■ ••• •• • 



X 



Editor-in- Chief 
FREDERICK E. TURNEAIJRE. C. E., Ur. Eng. 

Dean, CoJIege of Engineering, University of Wisconsin 



Authors and Collaborators 

WALTER LORING WEBB, C. E. 

Consultins: Civil Ensrineer 

American Society of Civil Enflrineers 

Author of "Railroad pinstruction, ' "Economics of Railroad Construction." etc. 



FRANK O. DUFOUR, C. E. 

Assistant Professor of Structural Enfdneerini?. University of Illinois 
American Society of Civil Ensrineers 
American Society for Testinfir Materials 



HALBERT P. GILLETTE, C. E. 

Consultins: Engineer 
American Society of Civil Engineers 
Manasrini: Editor "Enjirineerinsr-Contractinfir" 

Author of "Handbook of Cost Data for Contractors and Enaineers/' "Elarthwork 
and its Cost," "Rock Excavation— Methods and Cost" 

ADOLPH BLACK, C. E. 

Adjunct Professor of Civil EnfirineerinK, Columbia University, N. Y. 



EDWARD R. MAURER, B. C. E. 

Professor of Mechanics, University of Wisconsin 

Joint Author of "Principles of Reinforced Concrete Construction' 

W. HERBERT GIBSON, B. S., C. E. 

Civil Enjrineer 

Designer of Reinforced Concrete 



AUSTIN T. BYRNE 

Civil Engineer 

Author of "Highway Construction." "Materials and Workmanship" 



Authors and Collaborators— Continued 



FREDERICK E. TURXEAURE, C. E.. Dr. Ec?. 

«f tbcColkBC «f Ft iiM ■■"■■, aad Pirffii of Er^l^jMrisy. UniTvnitj of 



flfChrfl 



CoBercteCoBstmctioQ." "Public Water 



THOMAS E. DIAL, B. S 

iaClirfl 



School of Carrespoad«ace 

Topeka 4b Santa Fe 



ALFRED E. PHILLIPS, C. E., Ph. D. 

Head of P tnaiUiw taf GNil riiai im. Armoar Ixutimte of Technology 



DARWIN S. HATCH, B. S. 

iBstraetor in Marhaiiiral Euaiucaii ng. American School of Corresrondence 



CHARLES E. MORRISON, C. E., A. M. 

Inatraetor in Chrfl Euaiu e ciiiig . Colombia Unhrerrity. N. Y. 
Author Pi 'Hicfawaj EBcfaiecrinc." 



ERVIN KENISON, S. B. 

Imtmctor fn Mechanical Drawinar. Massachusetts Institute of Technolo?>- 

EDWARD B. WAITE 

Haad o4 Instruction Department. American School of Corresirandence 
American Society of Mechanical Engineers 
Weatem Society of Engine er* 

EDWARD A. TUCKER, S. B. 

A rehlteetural Engineer 

American Society of Civil Engineers 



ERNEST L. WALLACE, S. B. 

Instructor in Electrical Engineering, American School of Correspondence 
American Institute of Electrical Engineers 



A. MARSTON, C. E. 

Dean of Division of Engineering and Professor of Civil Enfirineeriniar. Iowa State 

College 
American Society of Civil Engineers 
Western Society of Civil Engineers 



Authors and Collaborators— Continued 



CHARLES B. BALL 

Civil and Sanitary Ensrineer 

Chief Sanitao' Inspector. City of Chicasro 

American Society of Civil Engineers 

ALFRED E. ZAPF, S. B. 

Secretary. American School of Correspondence 

SIDNEY T. STRICKLAND, S. B. 

Massachusetts Institute of Technology 
KctAe df^ Beaux Arttt. Paris 

RICHARD T. DANA 

Con-suItinR- Engrineer 

American Society of Civil Encrineers 

Chief Engineer. Construction Service Co. 



ALFRED S. JOHNSON, A. M., Ph. D. 

Textbook Department. American School of Correspondence 
Formerly Instructor. Cornell University 
Rciyal Astronomical Society of Canada 

WILLIAM BEALL GRAY 

Sanitary Engineer 

National Association of Master Plumbers 

United Association of Journeyman Plumbers 

R. T. MILLER, Jr.. A. M., LL. B. 

President American School of Correspondence 

GEORGE R. METCALFE, M. E. 

Head of Technical Publication Department. West injrhu use Flloctric & Manufac- 

turinjr Co, 
Furmorly Technical Exlitor. "Street- Railway Review" 
t'ormerly E^litor "The Technical World Majfazine" 



MAURICE Le BOSQUET, S. B. 

Ma.-'.-achusetts Institute of Technology 

British Society of Chemical Industry, American Chemical Sucioty. etc. 

HARRIS C. TROW, S. B., Managing Editor 

Editor of Textbook Department. American School of (Correspondence 
American Institute of Electrical Engineers 



Authorities Consulted 



THE editors hav« freely consulted the standard technical literature of 
America and Europe in the preparation of these volumes. They desire 
to express their indebtedness, particularly, to the following eminent 
authorities, whose well-known treatises should be in the library of everyone 
interested in Civil Engineenng. 

Grateful acknowledgment is here made also for the invaluable co-opera- 
tion of the foremost Civil, Structural, Railroad. Hydraulic, and Sanitary 
Engineers in making these volumes thoroughly representative of the verj' 
best and latest practice in eveo" branch of the broad field of Civil Engineer- 
ing; also for the valuable drawings and data, illustrations, suggestions, 
criticisins, and other courtesies. 



WILUAM G. RAYMOND, C. E. 



JOSEPH P. FRIZELL 




FREDERICK E. TURNEAURE. C. R. Dr. Ei«. 



H. N. OGDEN. C. E. 



DANIEL CARHART. C. E. 



HALBERT P. GILLCTTE 



3ttT flf CrtH ri>i i»i 1 1 1 Lat* Ocxt 



CHARIJS E. GREENE, A. M.. C E. 



Authorities Consulted— Continued 



A. PRESCOTT FOLWELL 

Elditor of Municipal Journal and Engineer; Formerly Professor of Municipal EnffiiMer- 

insr, Lafayette Colleire' 
Author of " Water Supply En^ineerins/' "Sewerasre." 

LEVESON FRANCIS VERNON-HARCOURT, M. A. 

Emeritus Professor of Civil Ensrineeringr and Surveying, University CoUesre, London; 

Institution of Civil Ensrineers. 
Author of "Rivers and Canals." "Harbors and Docks," "Achievements in Ensrineer- 

insr." " Civil Ensineerinsr as Applied in Construction." 

PAUL C. NUGENT, A. M., C. E. 

Professor of Civil Emrinecrinj;. Syracuse University. 
Author of " Plane Surveying." 

FRANK W. SKINNER 

Consulting Ensrineer; Associate Editor of TTte Engineering Record; Non-Resident Lec- 
turer on Field Engineering in Cornell University. 
Author of " Types and Details of Bridge Construction." 



HANBURY BROWN, K. C. M. G. 

Member of the Institution of Civil Engineers. 
Author of "Irrigation. Its Principles and Practice." 



SANFORD E. THOMPSON, S. B., C. E. 

American Society of Civil Engineers. 

Joint Author of "A Treatise on Concrete. Plain and Reinforced." 



JOSEPH KENDALL FREITAG, B. S., C. E. 

American Society of Civil EnKineerH. 

Author of "Architectural Engineering," " Fireproofing of Steel Buildings." 

AUSTIN T. BYRNE, C. E. 

Civil Engineer. 

Author of "Highway Construction." "Inspection of Materials and Workmanship Em- 
ployed in Construction. 



• •» 



JOHN F. HAYFORD, C. E. 

Inspector of Geodetic Work and Chief of Computing Division. Coast and Gcfxletic Survey; 

American Society of Civil Engineers. 
Author of "A Textbook of Geodetic Astronomy." 



WALTER LORING WEBB, C. E. 

Consulting Civil Engineer: American Society of Civil Engineers. 

Author of "Railroad Construction in Theory and Practice." "Economics of Railroad 
Construction," etc. 



Authorities Consulted-Continued 



EDWARD R. 


MAURER. 


B. C. E. 












■ 


ProfHsor . 
Joint Autl 


af M«h>ni«. Uoli'^nlty d1 
lor of ■■ Principles of Reinfi 


jrced Concrete Conalruc 


,..,.■ 




^ 


HERBERT M 


. WILSON, 


C. E. 














Socfel! 
Author of 


. of Civil Ensin 


SurveyiHK,' 


■ "Irr, 


itnti. 


>n EnKincerii 


eolr^iralS 




i Ameriu 


MANSFIELD 


MERRIMAN. C. E. 


. Ph. 


D. 










ProfBMor of civil EngiDB 
Author of "The El™ent 

to G«>irtic Surv^yic 


..Hob. L.faish Unl. 
1 of PrMlM Surve: 
[aterintn." " RsUin 
,g." "A Teitbook 


rlni 
ingi 


■nd Gcodeoy, 
ViillaiindMtu 
Roafs and B 


■■ "at™ 

LonryDami 
ridite.." ■ 


A Ha 


n Hydrsul 
itroducdo 
ndhook fo 


DAVID M. STAUFFER 
















Eniini 


Soriety of Ci> 
Winn Nfwh Pi 
' UDdemTunr 


ibliBhlngCo. 
Ml Pnctice. 




"" 


ion of Civil 1 




Vice 


-Prciidenl 


CHARLES L. 


CRANDALL 















N. CLIFFORD RICKER, M. Arch. 



I 



JOHN C. TRAUTWINE 

Civil EnKin»r. 

HENRY T. BOVEY 

Prcfeswr of Civil Emcineerinit and A 
Author of - A Treali» on Hydraollcs. 

WILLIAM H. BIRKMIRE. C. E. 

Autbor of " Planning uUI ConetrucI 
■od Steel, and lu Appliratian li 
eUidGlrden," ' Skeleton Struct i. 



IRA 0. BAKER. C. E. 

PnfHuor of Civil Engines: 

Author of "A T»atlM on I 

Their Construction. Ac 



" Compouod Riv- 



Authorities- Consulted— Continued 



JOHN CLAYTON TRACY, C. E. 

Assistant Professor of Structural Ensineerinff. SheflReld Scientific School, Yale University. 
Author of *' Plane Surveying: A Textbook and Pocket Bftanual.'* 

FREDERICK W. TAYLOR, M. E. 

Joint Author of "A Treatise on Concrete, Plain and Reinforced." 

JAMES J. LAWLER 

Author of " Modem Plumbincr. Steam and Hot- Water Heatinar." 



FRANK E. KIDDER, C. E., Ph. D. 

Consultinsr Architect and Structural Engineer: Fellow of the American Institute of 
Architects. 

Author of "Architect's and Builder's Pocketbook." " BuiMincr Construction and Super- 
intendence. Part I, Masons' Work: Part II, Carpenters' Work; Part III. Trussed Roof* 
and Roof Trusses," "Strength of Beams, Floors, and Roofs." 

WILLIAM H. BURR, C. E. 

Professor of Civil Ensineerinsr, Columbia University: Consulting Enflineer; American 

Society of Civil Eng-ineers: Institution of Civil Engineers. 
Author of " Elasticity and Resistance of the Materials of Enrineerins:" Joint Author of 

" The Desisrn and Construction of Metallic Bndffes." 



WILLIAM M. GILLESPIE, LL. D. 

Formerly Professor of Civil Ensrineerin^ in Union University. 
Author of " I^nd Surveying and Direct Leveling:." " Hisrher Surveying." 

^* 

GEORGE W. TILLSON, C. E. 

President of the Brooklyn Engineers' Club; American Society of Civil Engineers: Ameri- 
can Society of Municipal Improvements; Principal Assistant Engineer, Department 
of Highways, Brooklyn. 

Author of " Street Pavements and Street Paving Material." 

^* 

G. E. FOWLER 

Civil Engineer; President, The Pacific Northwestern Society of Engineers; American 

Society of Civil Engineers. 
Author of " Ordinary Foundations." 

^* 

WILLIAM M. CAMP 

Exiitorof TTir, Railway and Enffineerinu Review; American Society of Civil Engineers. 
Author of " Notes on Track Construction and Maintenance." 

W. M. PATTON 

Late Professor of Engineering at the Virginia Military Institute. 
Author of "A Treatise on Civil Ensrineerini." 



Foreword 




HE marvelous developments of the present day in the field 
of Civil En^neering, as seen in the extension of railroad 
lines, the improvement of highways and waterways, the 
increasing application of steel and reinforced concrete 
to construction work, the development of water power 
and irrigation projects, etc., have created a distinct necessity 
for an authoritative work of general reference embodying the 
results and methods of the latest engineering achievement. 
The Cyclopedia of Civil Engineering is designed to fill this 
acknowledged need. 

<L The aim of the publishers has been to create a work which, 
while adequate to meet all demands of the technically trained 
expert, will appeal equally to the self-taught practical man, 
who, as a result of the unavoidable conditions of his environ- 
ment, may be denied the advantages of training at a resident 
technical school. The Cyclopedia covers not only the funda- 
mentals that underlie all civil engineering, but their application 
to all types of engineering problems; and, by placing the reader 
in direct contact with the experience of teachers fresh from 
practical work, furnishes him that adjustment to advanced 
modem needs and conditions which is a necessity even to the 
technical graduate. 



C, The Cy<;lo[>edia of Civil Engineering is a compilation of 
rei>FeAentative Instruction Books of tbe Ameriean School of Cor- 
respondence, and is based upon the method which this school 
huu developed and effectively used for many years in teaching 
the principles and practice of engineering in its different 
brancheii. The success attained by this institution as a factor 
in the machinery of modem technical education is in itself tbe 
best ixMsible guarantee for the present work, 

<|. Therefore, while these volumes are a marked innovation in 
technical literature — representing, as they do, the best ideas and 
methodit of a large number of different authors, each an ac- 
knowledged authority in his work — they are by no means an 
experiment, but are in fact based on what long experience has 
demonstrated to be the best method yet devised for the educa- 
tion of the busy workingman. They have been prepared only 
after the most careful study of modem needs as developed 
under conditions of actual practice at engineering headquarters 
and in the field. 

4!. Grateful acknowledgment is due the corps of authors and 
colUboratora — engineers of wide practical experience, and 
teachers of well-recognized ability — without whose co-opera- 
tion this work would have been impossible. 
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BRIDGE ENGINEERING 

PARTI 



BRIDGE ANALYSIS 

1. Introduction. The following treatment of the subject of 
Bridge Analyi^y while not exhaustive, is regarded as sufficiently 
elaborate to develop and instill the principal th(X)retical considera- 
tions, to illustrate the most convenient and practical methods of 
analyang the conunon forms of trusses and girders, and also to lay 
a sufficient foundation for the analysis of such other trusses as are 
not spedfically mentioned or treated herein. 

The necessary steps and operations required for a proper analysis 
of the several types of bridges are fully demonstrated by sketches 
and computations, the numerical values being mechanically obtained 
by the use of a slide rule, which is a handy instrument for quickly 
performing the operations of multiplication and division, and for 
squaring and extracting the roots of numbers. The values given 
may differ from the exact value by one unit in the second decimal 
place (seldom more) and are sufficiently accurate for the purpose of 
design. All bridge computers should be proficient in the use of the 
slide rule. 

The problems given in the back of this Instruction Paper, 

exemplifying the practical application of the subject-matter treated 

in the various articles, should be solved by the student as each article 

is mastered. 

HISTORY 

2. Eariy Bridges. Early bridges were not bridges according 
to the present conception of the term. Thev won* simple pile 
trestle bents placed at frequent intervals and connected l)y wcxHlrn 
beams on which the floor was placed. Tlu» Pons suhliciii^'t, I milt over 
the Tiber, at Rome, al)OUt 650 years Wfore Christ was honi, was of 
this trestle type. Also the famous bridtije built by Caesar acmss the 
Rhine in 55 B. C. was of the same kind of construction. As civiliza- 
tion progressed, the arch type was developed; and in 1300 the great 

Copyright, 1908, by American School of Coretpondcnce, 



11 



BRIDGE ENGINEERING 



bridge at Trezzo over the River Adda was built of one span of 251 
feet, which has never been ecHpsed or equaled. 

3. Truss Bridge Development. The first truss bridge is sup- 
posed to have been originated by Palladio, an Italian, who used the 
king-post truss (Fig. 1) about 1570. Its importance was not recog- 
nized, and it became entirely for- 
gotten until it was rediscovered in 
1798 by Theodore Burr, an Ameri- 
can, who used it in his construction. 
About the same time, Burr invented 
the truss that bears his name, 
which was in reality a series of 
king-post trusses (see Fig. 8). This 
was found to be unstable under moving loads, and was therefore 
stiffened by the use of an arch (Fig. 2), or was built somewhat as an 
arch, there being considerable rise at the center of the span (Fig. 3). 
By 1830 the principle of the double cross-bracing in the panel was 
understood; and in quick succession came the patents of Long, 
Howe, Pratt, and Whipple on forms of trusses which bear their 
respective names. 

It remained for Squire Whipple in 1847 to place the science of 
bridge building on a rational and exact mathematical basis such 




Fig. I. King- Post Truss. 




V77/ 



Fig. 2. King Post Truss Bridgo SlifToneil by Arch. 

as is now used. Previous to this time, and indeed several years 
afterwards — for Whipple's work did not become generally known 
until a much later date — bridges were built, not from previously 
computed strains, but by "judgment.'' All parts of a bridge were 
made of the same size, and if one started to fail it was replaced by 
a larger one; or small models were made and loaded proportionally, 
broken members being replaced by larger ones. There is no doubt 
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that many of the bridge built at this period were very weak as well 
as very strong. The failures are not remembered; but the sound 
judgment of many of our earlier bridge engineers is recorded in the 
wooden structures they left behind them, some of which have stood 
the demands of traffic for over a century. After 1850, bridges were 
built from computed stresses; w*ood was discarded; and the develop- 
ment became rapid, until about 1870, when the introduction of sub- 
diagonal systems brou^t the truss system to practically what it is 
to-day. 

DEFINITIONS AND DESCRIPTIONS 

4. Trusses. A truss is a series of members taking stress in 
the direction of their length, placed together so as to form a triangle 




Pig. 3. Burr Truss Bridge, Arched. 

or system of triangles, which, when placed upon supports a certain 
distance apart, will, in addition to their own weight, sustain certain 
loads applied at the points where the members intersect. These 
points are called panel paints. 

5. Bridge Trusses. A bridge truss is one in which the members 
that carry the superimposed loads are in the same plane. Usually 
this plane is vertical. 

6. Truss Bridges. A truss bridge is a structure consisting of 
two or more — usually two — ^bridge trusses connected by a system 
of beams called the floor system, which transfer to panel points the 
load for which the trusses are designed. 

7. QirAets. These are beams consisting of a wide, thin plate, 
called a web plate, with shapes, usually angles and narrow, thin 
plates called flanges, at the top and bottom edges. All are fimily 
riveted together. (See Part FV, **Steel Construction.") 

8. Girder Bridges. These consist of usually two, sometimes 
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three, girders connected as in the case of truss bridges by a system 
of beams. 

9. Deck Bridges. In cases where the floor system connects 
the trusses at their tops, the bridge is called a deck bridge, since the 
traffic moves on a deck, as it were (see Fig. 4). 

7777A 




Fig. 4. Deck Bridge. 




Pig. 5. Through Bridge. 

10. Through Bridges. In cases where the floor system con- 
nects the bottoms of the trusses, the bridge is called a through bridge, 
as the traffic moves through the space between the trusses (see Fig. 5). 

11. Members of a Truss. Each truss consists of a top and 
bottom chord, end-posts, and web members. The web members are 
further divided into hip verticals, intermediate posts, and diagonals. 
Fig. 6 shows these various classes, A- A being top chord, B-B 
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Fig. 0. Showing the Members f)f a Truss. 

bottom chord, A-B end-posts, vertical nicinhers C-h intermediate 
posts, A-a hip verticals, and A-b and C-h diagonals. 

12. Pony-Truss Bridges. WTien the height of the trusses of 
a through bridge is less than the height of the loads that go over 
them, they are called pony trusses, and the bridge a pony-truss bridge. 



14 



BRIDGE ENGINEERING 5 

13. Lateral Bracing. In all deck bridges, and- in all through 
bridges except pony-truss bridges, the chords which are not con- 
nected by the floor system are connected by a horizontal truss system 
called the lateral bracing. In all bridges the chords which are con- 
nected by the floor system are connected by a horizontal truss system, 
also called the lateral bracing. One of these systems is called the 




top laieral system, as it connects the top chords; and the other is called 
the boliant lateral system, as it connects the bottom chords (see Fig. 7), 

14. Portals. In through bridges, the end-posts of the pair 
cf trusses are connected by a system of braces in order to preserve 
the rectangular cross-section of the bridge. This is called the porttU 
bracing (see Fig, 7). 

15. Sway Bracing and Knee-Braces. These serve the same 
purpose as the portal braces, and are either small struts or systems 



Foreword 




HE marvelous developments of the present day in the field 
of Civil Engineering, as seen in the extension of railroad 
lines, the improvement of highways and waterways, the 
increasing application of steel and reinforced concrete 
to construction work, the development of water power 
and irrigation projects, etc., have created a distinct necessity 
for an authoritative work of general reference embodying the 
results and methods of the latest engineering achievement. 
The Cyclopedia of Civil Engineering is designed to fill this 
acknowledged need. 

C The aim of the publishers has been to create a work which, 
while adequate to meet all demands of the technically trained 
expert, will appeal equally to the self-taught practical man, 
who, as a result of the unavoidable conditions of his environ- 
ment, may be denied the advantages of training at a resident 
technical school. The Cyclopedia covers not only the funda- 
mentals that underlie all civil engineering, but their application 
to all tjrpes of engineering problems; and, by placing the reader 
in direct contact with the experience of teachers fresh from 
practical work, furnishes him that adjustment to advanced 
modern needs and conditions which is a necessity even to the 
technical graduate. 
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chords are parallel. When such is the case, the stresses increase 
from the end toward the center, and there is a considerable difTerence 
between any two adjacent panels of the same chord. This neces- 
sitates different areas for each section. WTien the chords are not 
parallel, as in the bowstring truss, the stresses in the chords are so 
nearly equal that the same area is used throughout or nearly through- 
out the entire chord. Also, the stresses in the diagonals are nearly 
equal. These conditions would seem to indicate that this was a very 
economical form of truss. Theoretically it is; but practical con- 
siderations — such as the beveled joints and the posts which must be 
constructed to withstand reversals of stress — customarily limit thb 
type to the longer spans. 

19. Web Characteristics. The web systems of the Burr, 
Warren, Howe, Pratt, and Bowstring trusses are called single sys- 
tems; that of the WTiipple truss is a midtiple system; while those of 
the Baltimore trusses are examples of webbing with subsystems. 
As the maximum economical panel length has been found to be about 
25 feet, which makes the economical height of the truss about 30 
feet, and as the length of the span should not be more than ten times 
the depth, the span for trusses with simple systems of webbing is 
limited to about 300 feet. In order to increase the limiting span, 
multiple systems like that of the Whipple or similar ones were intro- 
duced. Calculations of stresses in members of the Whipple truss are 
somew^hat unreliable on account of the fact that we are unable to 
tell just how the effects of the loads are distributed. For this reason, 
that type has gone out of use, and the sub-systems are used instead. 
These allow spans of twice the above limit; and, indeed, trusses with 
this type of webbing have been built up to and over 600 feet. This 
style of webbing can be applied to the bowstring truss, almost all 
long-span bridges being of this type with sub-systems of webbing. 

WEIGHTS OF BRIDGES 

20. Formulae. In order to obtain the stresses due to the 
weight of the structure, the latter quantity must be known. As 
this weight can be determined only after the structure has been 
designed, it is evident that an assumption as to the weight must be 
made. The best method is to use the actual weight of a similar 
structure of like span which has been built. As the necessary data 



18 



Foreword 




HE marvelous developments of the present day in the field 
of Civil Engineering, as seen in the extension of railroad 
lines, the improvement of highways and waterways, the 
increasing application of steel and reinforced concrete 
to construction work, the development of water power 
and irrigation projects, etc., have created a distinct necessity 
for an authoritative work of general reference embodying the 
results and methods of the latest engineering achievement. 
The Cyclopedia of Civil Engineering is designed to fill this 
acknowledged need. 

C The aim of the publishers has been to create a work which, 
while adequate to meet all demands of the technically trained 
expert, will appeal equally to the self-taught practical man, 
who, as a result of the unavoidable conditions of his environ- 
ment, may be denied the advantages of training at a resident 
technical school. The Cyclopedia covers not only the funda- 
mentals that underlie all civil engineering, but their application 
to all types of engineering problems; and, by placing the reader 
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In order to give an idea of the relative weights of steel in different 
classes of bridges, let it be required to compute the dead weight of a 
100-foot span of each class. For heaviest highway bridges to carry 
heavy interurban cars: 



u> = 600+180-f 27 X16 + 



16 X 100 
12 



( ^ "*" T^^^ ) "^ ^ ^^^ *^^' ^^ ^^"^^ ^^' 




Fig. 13. Bowstring Truss. 



For heavy riveted highway bridges to carry heavy farm engines: 

10X100/, , 100 \ a',f^^u I- r ^ 

i 5 " \ ' TOOO # ^ ^^ linear foot. 



ti - 300 -H 100 f 22X10 4- 




Flg. 14. Two Forms of Daltimore Trusses. 

For heavy pin-connected higliway bridges to carry heavy farm or 
traction engines: 

w ;M '22 X 10 ^ 0.10 X 10 X 100 + 0.7 X 100 - 710 lbs. perlinear ft. 
For light country highway bridges to carry 100 pounds per square 
foot of floor surface: 

w 2r;0 f 2.5 X 100 - 500 lbs. per linear foot. 

If the total weight is re(|uired, the weight of the wooden floor 
must be added. Take, for example, the last bridge: 
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11 



Weight of steel = 500 X 100 = 50 000 pounds. 

'* floor - 100 X 16 X 10 = 16 000 pounds. 
Total dead load 



tt 



= 66 000 pounds. 

The weight per linear foot for a railroad truss bridge of 100-foot 

span is: 

w « 660 + 7 X 100 - 1 350 lbs. per linear foot. 

This is about the same as that for a heavy interurban bridge 
The reason for this is that in addition to the heavy rolling stock 
of the electric road, the heavy highway traffic must be provided for. 
A deck girder of 100-foot span weighs: 

ii7 » 124 + 12 X 100 » 1 324 lbs. per linear foot. 

21. Actual Weights of Railroad Spans. In case actual weights 
can be obtained, a more exact analysis can be made. The weights 
of bridges indicated in the accompanying tables and diagrams, are 
based on actual constructions recently erected. These bridges rep- 
resent the very best modem practice of engineers and manufacturers 

The weights of through truss-spans made of medium steel 
and designed for E 50 loading, are given in Fig. 15. The weights 
include the weight of the ordinary open steel floor, and they also 
include the wei^t of the ties and rails, which is taken at 400 pounds 
per linear foot per track. 

The weight of steel in medium steel deck plate-girder spans 
designed for E 50 loading, is given in Table III. 

TABLE III 

Weights of Deck Plate-Girders, Medium Steel 

Loading £ 50 



Spak 


Wfioht 


Span 


W r.io HT 


(in feet) 


(in poundB) 


(In feet) 


(In poundB) 


15 


5 300 


70 


59 500 


20 


7 800 


7r> 


67 300 


25 


11 800 


80 


76 300 


30 


14 500 


85 


94 200 


35 


18 800 


90 


1 05 500 


40 


' 23 300 


95 


114 200 


45 


27 400 


100 


123 000 


50 


32 400 


105 


1 46 000 


55 


38 800 


110 


161 700 


60 


45 500 


115 


174 900 


65 


51 500 


120 


1 87 000 



The spans are the distance center to center of bearings; and the weigh ts 
do not include the weight of the ties and rails, which is to be taken at 400 
pounds per linear foot per track. Intermediate spans may be interpolated. 
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22. Actual Weights of Highway Spans. The actual weights 
of highway spans for heavy intt-rurban trolley-cars and traffic,shotiId 
preferably be computed from the formulae of Shaw or Waddell {Table 
II). The weights of country bridges, including floor, may be taken 
from the diagram of Fig. IG. 

LOADS 

23. Classes of Loads. Those weights just given constitute 
what is called the dead had of the bridge. The traffic which passes 



T 


•4a^ ^j- 


^M 


™. _'// 


.»y 




fU" iL 




udL A 











X === ----t'-" 


T- - i 


±: L 




i t 




li: t 


IT / 


;i ' 


ll J 


;± r 


't- J 


± r^ 


^ I 




'rt i 


bH ,J.fr-»' )J \J ' 



AVluhrsc.f TliraimhlViis 



I'elghts of Ooirnlr? Bridges. In 



over the bridge is ciillwl the Uvc cir mnyimj load. In addition to the 
two cln.s.sfs iiiciiiioiieil, i.s the effect "f the wind, which is designated 
iiH the iriiid load. Tlicw lojuls vary wltli the chiss of bridge, be it 
liiijliwiiy or niilwiiy, siiul with the i»ur[>ose for which it Is intended. 

2-1. Live Loads for Highway Bridges. Highway bridges are 
iisuidly divided into several classes accnnling to the traffic, which 
may l)c that <it heavy interurban cars, li^ht tiiiiley-cars, farm engines, 
road rollers, teiun.s, human Ix^ings, or some combination of these 
loadings. The standard s|H!cificaliii»s nf .1. A. L. Waddell or of 
Theodore Cooper are obtainable for a very small sum. Their pui^ 



BRIDGE ENGINEERING 13 

chase is advised, and the reader is referred to them for further infor- 
mation. 

The trusses of country highway bridges are usually designed for 
a live load of 100 pounds per square foot of roadway. This may be 
considered good practice; and it is the law in some States. The 
floor system of these same bridges should be of sufficient strength to 
sustain 100 pounds per square foot of roadway, or a 12-ton farm 
engine having 4 tons on the two rear wheels, which are 12 inches wide 
and 6 feet apart, and 2 tons on each of the front wheels, which are 6 
inches wide and 5 feet apart. The axles of this engine are spaced 
8 feet center to center. 

25. Live Loads for Railway Bridges. The loads for any par- 
ticular railroad bridge are not always the same, on account of the 
great variation in the weights and wheel spacings of engines and 
cars. It is customary to design the bridge for the heaviest in use 
at the time of construction, or for the heaviest that could reasonably 
be expected to be built thereafter. 

As the computations with engines were formerly somewhat 
laborious on account of the different weights and spacing of wheels, 
it has been proposed by some engineers to use a uniform load, called 
the equivalent load, which would give stresses the same, or very nearly 
the same, as those obtained by the use of engine loads. However, 
as these loads are different for each weight of engine, and also different 
for the chord members, the web members, and the floor-beam reaction 
of each different length of span, and as the labor of the computations, 
using engine-wheel loads, has been greatly reduced by means of 
diagrams, it does not seem as if this method would ever come into 
very general favor except for long-span bridges, where the live load is 
much smaller than the dead load. 

The equivalent loads for Cooper^s E 40 (see Fig. 85) are given 
in Table IV. 

Most railwajrs specify that their bridges shall be computed by 
using two engines and tenders followed by a train. The spacing 
of the wheels, and the load which comes on each wheel of the engines 
and tenders, are fixed by the railway company. The train is repre- 
sented by a uniform load. Formerly there was a great diversity of 
practice among the different roads in regard to the engine and train 
loads specified; but practice has of late years become quite uniform, 
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with an apjKiriMit teiuleiiov to standaniize in accordance with the 
classics of loatlin^ s|HHMtit\l by Ccx^ptT. Ox^p^r*s Class E 50, whidi 
re|)rt\srnts t\\v hraviost tMipne^ now in ci^mmon use, was invented 
by Theodon^ ('oojht, a cxuisulting engint^r of New York City. It is 
given in ¥\^. 17. 

Lighter loadings for light traffic on the same general plan are 
advocated by Mr. Coojx^r, and an^ given at length in his "General 
Specifications for Iron and Steel Railway Bridgt^s and Viaducts" 
(1906 edition). 

26. Wind Loads. Some designers re<juire that the stresses due 
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to wind shall be computed by using 30 pounds 
per square foot of actual truss surface. This 
requires that you know the size of the mem- 
bers of the bridge before it is designed — ^which 
is evidently an impossibility; or that an as- 
sumption as to their size be made — which 
allows a chance for a mistake in judgment, 
especially in an inexperienced person. A more 
logical method, and one used to a great extent, 
is to assume a force of so many pounds per 
linear foot to act on the top and bottom chords 
and on the traffic as it moves across the bridge. 

In highway through bridges, it is the usual 
practice to take the wind load as 150 pounds 
per linear foot of top and bottom chords, and 
150 pounds per linear foot of the amount of 
live load which is on the bridge. 

For railroad bridges, it is customary to use 
considerably higher values tlian those used in 
highway practice — not that the wind blows 
harder on railroad than on highway bridges, 
but so that the bracing designed by the use of 
these values may be sufficiently strong to stiffen 
the bridge not only against the wind, but also 
against the vibrations caused by the rapidly 
moving traffic. Good practice for through 
bridges is to use 150 pounds per linear foot 
of the top chord, 150 pounds per linear foot 
of the bottom chord, and 450 pounds per linear 
foot of live load on the bridge. This latter 
force is supposed to act at a line 8.5 feet above 
the base of the rail. 

For deck bridges, for both highway and 
railway use, the unit-loads on the moving or live 
load remain the same, but the unit-loads on 
the top and bottom chords are reversed. 

In computcUions involving the live loadj it 
is always assumed thai the live load moves over 
the bridge from right to left. 
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THEORY 

27. Principles of Analysis. The stresses in bridge trusses may 
be determined by both algebraic and graphic methods. In some 
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p p P P 

R 
FiiL^. 18. Truss under Loads. Illustratiu^i: IMnciples of Analysis. 

rases, onv is nion* exjHHlitioiis than tlie other. Algebraic methods 
alone will Ix* eonsi<lertMl in this text. 

TIk* analysis of strt^sscs is hasi'd u\x)n the fact that the interior 
stn*ss(\s in a member or ^n)Uj) of memlxTs hold in equilibrium the 
exterior forces. That this is a fact, can easily lx» understood. Con- 
sider a man pulling on a n)jx» which is fastene<l at one end to an im- 
movable object. There will be a 
stn»ss in the rope equal to, and 
o|)j)osite in dinTtion to, the pull 
extTtcMJ bv the man. In onler to 
pn)ve this, cut the rope and ap- 
ply a force c(|ual and opposite to 
the |)ull exerti^l by the man, where 
the cut is made; and the rope 
and man will be in equilibrium. 
Also, siipj)ose that a truss under 
loads, as indicated by the arn>ws, 
Fi^. IX, were cut along the section 
a-(ij and that forces F^, Fy F^ 
equal to llic stresses N,. .S.,, and S,^ wci-c placc<l at the ends of the 
members as indicated in Fi«^. 11), then that |>ortion of the truss to 
the left of the section would be in ecjnilibrinm. The interior stress€*s, 
n'pn\sente<i by /\„ /*'.,, a n<l /*'.., wonld hold in ecjuilibrinm the exterior 
forcvs p and IL 




Fijr. !'.•. Fori'»'>« Suli-.titutiMl ftir Strrsscs in 
Tru>«.Mf KiL'. If'. 
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From inspection of Fig. 19, it will appear evident that, as the 
position of the truss to the left of the section is in equilibrium, the' 
following statements are true: 

1. The algebraic sum of the moments of the exterior forces and the 
stresses in the members cut by the section, is eiiual to zero. This is true of the 
moments taken about any or all points; for, if it were not, the portion of the 
truss would begin to rotate about some point, and would continue until 
e<4uilibrium was established. 

2. In a vertical plane, the algebraic sum of the com|K)nents of the 
exterior forces and the stresses in the members cut by the section is e(4ual 
to zero; for, if such were not the case, the portion of the truss shown would 
move up or down with a constant acceleration. 

3. The algebraic sum of the components of the exterior forces and the 
stresses in the members cut by the section in a horizontal plane, is equal to 
zero; for, if such were not the case, the portion of the truss would move either 
to the right or to the left, with a constant acceleration. 

4. From 2 and 3, above, it is evident that the algebraic sum of the 
components of the exterior forces and the stresses in the members cut by 
the section is equal to zero in any and all planes. 

The section is not necessarily recjuireil to Ix* a vertical line as in 
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Pig. 20. 

Oblique Section Cutting 

Truss. 



Fig. 30a. 

Circular Section 

Cutting Truss. 



Fig. 21. 
lUustrailiijr Kosolution 
of Forces. 



Fig. 10. It may be oblique, as in Fig. 20; or it may he a circular 
section, as shown in Fig. 20a. ^\^len the latter i.s the cast*, it is said 
that the sum of the components of the forces aroimd the point U^ 
is in equilibrium in any plane that may be taken. 

It is also evident that the forces in the meral)ers cut by the 
section, and the exterior forces to the right, are in equilibrium. 
This condition is very seldom utilized in the determination of stresses, 
as that portion of the truss to the left of the section is almost al\Cays 
considered. 

28. Resolution of Forces. This method is one of the simplest 
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and at the same time least laborious. The forces are generally 
resolved into their horizontal and vertical components, or parallel 
and perpendicular to some member. In cases where two unknown 
stresses occur, two equations can usually be formed, and these solved. 
It should be assumed that the unknown stress acts away from 
the section which cuts it. It will then solve out, with the proper 
sign indicating the character of the stress — that is, whether it is 
tensile or cx>mpressive. Tensile stresses are indicated by placing 





-S, 



Pig. 83. 





Fig. 25. 

Diagrams Illustrating Ai)])lii'atioii of McthcKl of Kesolution of Forces iu Analysis of 

Trusses. 

the plus ( }- ) sign Ix^forc them, while a minus ( — ) sign indicates 
eoinpression. 

A few e(juations showing the ap[)lieati()n of the method of the 
r(\s()lution of forces can he written after inspection of Figs. 21 to 25 
inclusive. In all cases, S^ is the unknown stress, and is assumed 
to he acting away from the section. The other stresses S„ S^, etc., 
are known, and their direction given them acconiingly, it being 
towanl the scx'tion if the member is in compression, and away fn)m 
the section if the member is in tension. Forces or components 
acting upward or to the right are considered plus; those acting down- 
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ward or to the left are considered minus. For a fuller explanation, 

see the instruction paper on Statics, Articles 17 to 23 inclusive. 

In Fig 21, the sum of the vertical components is taken, and the 

equation is: 

-\-R — p — p — Sji cos <^ = 0; 

whence, 

Sx = — i + R —p — p) sec <l>. 

In Fig. 22, the section is oblique, and the sum of the vertical 

components is taken: 

+ /? - p - p + S. = 0; 
whence. 

5, = - ( + /? - p - p). 

In both of the above cases, it will be noted that the chord 
stresses do not enter into the ecjuation, as their vertical components 
are zero. 

In Fig. 23, the sum of the horizontal forces is used in deter- 
mining the stress S^. Note that the exterior forces R and p do not 
enter the ec|uation, as they are not to the left of the section, and also 
their horizontal components are zero. 

■^-Si sin <^ + iS, sin ^ + S3 sin ^ 4 S» = 0; 

whence, 

'S. = - (5| + S, + S3) sin ^. 

In Fig. 24, the sum of the vertical forces is again used. Here 
the section cuts the member with the known tensile stress S,. 

+ R — p^p — p — p — pi-Si cos (j) — Sx cos (j> -^ 0; 

whence, 

Sx = i- {R - 5p) sec # + S^. 

In Fig. 2.5, use is made of the fact that the sura of the components 

of the forces about a point is zero when they are resolvinJ iu any plane. 

Here they will be resolved perpendicular to the <liagonal. 

-Si sin <f>-ir Sx = 0. 

Sx = + S, sin (j). 

l^ese are some of the most common cases which occur in tlu* 
determination of stresses in simple trusses. In all cases, follow this 
method of procedure: 

1. Pass a section cutting as few members as possible, one of which 
must be the one whose stress is desired. 

2. The stress in all the members cut, with but one exception, must be 
known. 

3. Write your equation, always placing it equal to zero. 

4. Solve for your stress. 
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29. Method of Moments. The stresses in all members of a 
truss can be determined by this method. By section 1 of Art. 28, 
the point about which the moments are considered can be taken 
anywhere. Fig. 26 represents the point as taken somewhere outside 
of the truss at a distance a al)ove the point U^. The equation will 
then be: 

-5, X a - Sr, X b - iS., (a + /<) + /?p ± P, X + Pj X /) = 0. 

This involves three unknown quantities, and therefore two other 

points should be taken, and two 
more equations written. By the 
use of the three equations, the 
stresses can be determined. 

It is customary to assume the 
center of moments at such a place 
that the moments of all the un- 
kiiown stresses, with one excep- 
tion, are zero. This condition 
requires that their lines of action 
pass through the center of mo- 
ments. Let it be required to 
determine the stress Sy If the 
center of moments is taken at 
Uy then, as the lines of action 
of iS, and S^ pass through this 
point, their moments w'\\\ be zero, 
and the following is true: 







l,_L.i._p-.i-..- 

Fig. 26. Diagram IllustratiiiK Application 
of Method of Monifins in Analysis 



of Trusses. 

4 If y 2]> - }\ y /' i p. X - .S\ X h = 



whence, 



.S., ^ \ ( f /^ X 'Ip - 1\ X ;;). 



Likewise, if the top chord is curved, the center of moments can be 
taken in such a j)osition that only tJie unknown stress will enter into 
the equation. If it is desired to determine the stress S^, Fig. 27, 
the e({uation would be: 

-S', X I - R Xn V 1\ Wf \- V^ -^ P, ('/ -^ 2/*> -0, 

the center of moment being at 0, the intersection of the hues of stress 
of Si and iSg. Solving the equation just stated, 

S^ --= ^^ \ -Ra + P, Kn + p) \- R, K^i + 2;;) i. 
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30. Stresses in Web Members. By reference to Articles 28 and 
29, it is seen that several methods are presented for the solution of 
stresses in web members. Each should be adapted to the case in 
hand. The simplest method, and the one which is conmionly used 
in all trusses with parallel chords, is by the resolution of the vertical 
forces. Fig. 21 is to be referred to. The equation given on page 
19 is: 

+ R — p — p — S% cos ^ — 0. 




Pig. 27. Diagram niustratlng Application of Method of Moments In Analysis of Trusses. 

Top chord curved. 

But R — p — pis equal to V, the vertical shear at the section, and 
so the equation may now be written : 

V - iSxCos =0 (1) 

whence the following important rule is deduced : 

The algebraic sum of the vertical shear at the section and the ver- 
tical components of the stress in all of the members cut by the section, is 
equal to zero. 

In trusses with horizontal chords and a simple system of webbing, 
the equation may be put in the form : 

5, = 4- V sec (j)\ 

and the statement that the stress in any ^'eb member is equal to the 
shear tirries the secant of the angle that it makes with the vertical is 
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true. The practice of using this latter statement is not to be en- 
couraged, as it leads to confusion in the signs of the stresses. Equa- 
tion ( 1 ) should be written in all cases, and the stress will then solve with 
its corn»ct characteristic sign, indicating that the stress is either 
tensile or compressive. 

As an example, let it be rt^quirtHl to determine the stresses in the 
web meml)ers *S, and ^3 of the Pratt truss shown in Fig. 28, the loads 
being in thousands of pounds. First, a section should be passed, 
cutting that memlx.T and as few others as possible. Next, the shear 
at that st^ction should be computed. Then the vertical components 
of all the stresses cut by the section, and the vertical shear, should be 




FlK. 2«. f 'alenlation of Stresses In Web Members of Pratt Truss. 

ec|uut(Ml to z(To. Finally, solve the crjuation. Remenil)er that the 
unknown stress is to he assumed as acting away from the section, 
and that forces or resultants acting downward art* considered negative, 
while thos<' acting upward are considcnul jK)sitive. 
To (Irtrrwinr S^: 

The vertical shear at the section a — a is : 

i .'iT..') - 2 < II) .') f 12.5. 

As the chord stres.ses do not exert a vertical comjx)nent, the equation is: 

^V2.r) ^ N, 

.S\. 12.'), whicli is a ('oni])r('s.sivo stress of 12,500 pounds. 

Note that in this case tlu? angle which the member makes with the 

vertical is zero, and the cosine and secant are unity. 

To (Irtrrwinr S^: 

The vertical shear at the section h — h is 

f :<7.r) 2 X 10 2 X 5 - i 7.5. 
The equation is: 

-f 7.5 - .S3 cos - 

iS'a — +7.5 sec <{>. 



88 



BRIDGE ENGINEERING 



23 



im2 



Sec <^ is equal to K 30^ + 25 -i- 30, which is equal to 1.302; and 
therefore, 

S, = +7.5 X 1.302 

= +9.765, which is a tensile stress of 9,765 pounds. 

31. stresses In Chord Members. The stresses in chord may be 
obtained by either the method of moments or the method of resolu- 
tion of forces, this latter being usually the resolution of horizontal 
forces. 

In accordance with the text of Article 29, the following rule may 
be stated with regard to the solution of stresses in chord members 
by the method of moments: 

Pass a plane section cutting the member whose stress is to be computed^ 
and as few others as possible; then take the center of moments at such a point 




/! 
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/ I \ 
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Pig. 29. Calculation of Stresses in Chord Members by "Tangent" or "Cbord-Increment" 

Method. 

that the lines of action of as many forces as possible^ the unknown one excepted^ 
pass through that point; write an equation of the moments about this point of 
the known loads and forces to the left of the section, assuming the unknown force 
to act away from the section, and taking the known forces to act as given, the 
tensile stresses to act away from the section, and the compressive stresses to act 
towards the section', place the equation equal to zero, and solve. 

The stress will solve out with its correct characteristic sign. 

In the majority of cases a section can be made to cut three mem- 
bers only, one of the three being the one whose unknown stress is 
desired. In such cases, take the center of moments at the inter- 
section of the other two, and proceed as before. As examples of this 
latter case, note the centers of moments at U^, Fig. 26, and O, Fig. 
27, and also the equations resulting therefrom. 

When the method of resolution of forces is used, it is usually 
designated as the tangerU method or the chord increment method. The 
simplest appUcation of this method is to trusses with horizontal 
chords and vertical posts in the web members. Then the stress in 
any chord member is equal to the product of the sum of the slu^urs 
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in the panels up to that section, and the tangent of the angle which 
the diagonals make with the vortical. 

This can readily be proved by reference to Fig. 29. Let it be re- 
quired to determine the stress in the chord member S^. Pass the 
station a— a. The stress(»s S^, aS,, S^, and S^ are now computed, 
and an» S^= — ]\ sec <f>; S.,= -\- ]\ st»c </>; S^ = +^'3 sec </>; and S^ = 
+ r^sec <^. Now noting the diix^ctions of the knowTi stresses and 




Lo L| Le L3 L4. L5 L-e 

Fig. 30. Illustrating Method of Notation of Stresses and Members in a Through Bridge. 




L, Le L3 L^ L5 

Fi'fi. :n. Illustrating: M(?thotl of Notation of Stresses and Members in a Deck nridgc. 

assuming N, to act tuvay from the section, the e(juation of the hori- 
.zontal component i.^: 

■i »S', sin ,-, f- /v. sin ./> J- N. sin </> \- »S\ sin ^ + 5, = 0. 

Now, sul)stituting the values of S\, .S\, etc., and n»memberhig that 

sec = -r , the equation becomes : 
cos 9 

.in ^ ^ ^. sin ,i ^ , sin s^ ^. ,. sin ,^ ^ 

COS 9 ' cos cos cos 9 



from which, 



N\ - - (\\ -f 1% + v., 4 \\) tan </.; 
N' -jrtiin<,';. 



» -x 



Fnmi inspection of Fig. 20, it jvill Ik* noticed that the stress in 
any section of the chord is equal to that in the section to the left of 
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it, plus the increment (horizontal component) of the diagonal; hence 
the name chord increment method, 

32. Notation. The practice hitherto used in designating 
stressi*s by S^, S^, etc., will now be discontinued, as it is inconvenient 
in. the extreme; moreover, it is not the method usc»d in practical work. 
The notation to Ix* used is that given in Figs. 30 and 31, the former 
being for u through and the latter for a deck truss. 

The practical advantages of this system are very great. WTien 
C7j U^ is noted, it is at once known to be the top chord of 
the second panel ; U^ L^ is known to be the second vertical ; while U^ 
Lg is at once recognized as the diagonal in the third panel. A stress 
in a member, as well as the member itself, is designated by the 
subscript letters at its ends. Thus U^ L^ may mean the memlx»r 




Fig. 33. Calculation of Stresses in a Six-Panel Warren Truss Througli Bridge. 

itself or the stress in the member. The text will clear this up. In 
analysis, the stress would Ijc implied, while in design the membiT 
itself would be intended. 

33. Warren Truss under Dead Loads. The Warren truss has 
its web members so built of angles and plates or of channels, that 
they can take either tension or compression. The top chord is of 
structural shapes, while the lower chord may be of built-up shapes 
or simply of bars. 

Let it be required to determine all of the stresses in the six- 
panel truss of a through Warren highway 120-foot span for country 
traffic. The height is to \xi 20 feet. The outline is given in Fig. 32. 
According to Fig. 10, the total weight of the span, including wooden 
floor, is 76 000 pounds. Each truss carries one-half of this, or 76 000 
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-. 2 -^ *iH m)0 ]X)un(ls. As there are six panels, each panel load is 
8S (HK) ^ () -^ () Ii33 pounds. This means that we must compute 
ihr Mtrx'sscs in th(» alK)VJ truss by considering that a load of 6 XJ3 
IkmuhIm is ut jH)ints L^, L^, L^, L^, and Ly Of course there is some 
wri/^ht at L^^ and L„; but this does not stress the bridge, as it is 
dirrctcd over the abutments or supports. The reactions at L^ and 
Lf^ an* (Mich (H|ual to (f) X 333) -r- 2 = 15 833 pounds. 
Thr shears are next computed, and are: 

r, M5S;}3 - = +15 833 

r . f I T) HMi - () ;i33 = + y 500 

V, i- 15 S33 - 2 X 6 333 = +3 167 

1 1 is nnnecrssary to j^o past the center of the bridge, as it is symmetri- 
eiil. 'I'lie r, repn\seiits the shear on any st^ction between L^ and L^; 
I' , ifpi-eMMils the shear on any section between L^ and L,; and F. 
n'presents the shear on any si»ction between L, and L,. The secant 
of the an^le </» is: 



(y'ljo'-f- l()f) - 20= 1.12. 



The sthsses in the web nienilKTs are computed as follows: 

/'nr A„ (\. Pass section a— a. Assume stress acting away from 

the Mcrtion, ns sht)wn. Then, 

r, I f.J\ cos (/, 0; 

lj\ i:> S.Ti y \.V2 = - 17 700 pouiKls, 

which shows thiit /.„ l\ has a compressive stress of 17 7(K) ]X)Un<Js. 
rnr r. L.. Tjiss section h - h. Assume strt»ss actin*^ awav from 
the section, us shown. Then, 

r, ( ',/^, cos (,'> U; 

^',/., f r, sec 0; 

r,/., I loS.'i;^ X I.lli = + 17 700 pounds, 

which shows that l-J^i lias a tensile str(\ss of 17 700 pounds. 
/'V;r LJ ... Pjiss section c — c. Then, 

r. I />,^\. cos (/> - 0; 

I.J' . v., si'c (/>; 

/.,r, ♦>r)00vi.i2_ - 10 (UO pounds. 

For I'^Ij^. Pass section d — d. Then, 

1-1) 500 - U.Ucos (/, 0: 
UiL^ - +9 500 X 1.12 - +10 640. 
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Far LJJy Pass section e — e. Then, 

+ 3 167 + L^U^ cos 0=0; 

LjC/a = -3 167 X 1.12 3 540. 

Far UJjy Pass section / — / . Then, 

+ 3 167 - t/,La cos = 0; 

C/jLj = +3 167 X 1.12 = +3 540. 

The computation of the stresses in the chords is made by the 
method of moments, and is as follows : 

For LJjy Section 6 — 6 cuts UJj^ and UJJ^, besides the mem- 
ber whose stress is desired, and therefore the center of moments will 
be taken at their intersection U^. The equation is: 

+ 15 833 X 10 - LoL, X 20 = 0, 
whence 

. LoLj = ( + 15 833 X 10) -^ 20; 

= + 7 917 = a tension of 7 917 pounds. 

For LJjy Either section c — cor d — d may he: used, and each 

shows the center of moments to be at U^- The equation is: 

+ 15 833 X 30 - 6 333 X 10 - L^L^ X 20 = 0; 
L»L2 = ( + 15 833 X 30 - 6 333 X 10) ^ 20; 

= +20 583 = a tensile stress of 20 583 pounds. 

For LJLy Either section c — e or / — / may be used, and each 
shows the center of moments to be at U^, The equation is: 

+ 15 833 X 50 - 6 333 X 30 - 333 X 10 - LJ.^ X 20 = 0; 

whence, 

L^L^ = +26 917. 

The center of moments for UJJ^ is at L^\ for UJU^j it is at L^\ and 
for VjU^, it is at L^ The following equations can now be written : 

+ 20 X C/»C/2 + 20 X 15 833 = 0; whence U,U^= - 15 833; 
+ 20 X U^U^ + 40 X 15 833 - 20 X 6 333 = 0; whence V.,L\ = -25 333; 
+ 20 X U^U^ + 60 X 15 833 - 40 X 6 333 - 20 X 6 333 = 0; whence 6^3^^ 
= -28 500. 

A diagram of half of the truss should now be made, and all the 
stresses placed upon it. The dimensions should also be put upon this 
diagram. The student should cultivate this habit, as it shows him 
at a glance the general relation of stresses and the general rules of their 
variations. Fig. 33 gives the half-truss, together with the stresses 
and dimensions. The stresses in the members of the right half of 
the truss are the same as those in the corresponding members of the 
left half. 
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From inspection of the above diagram, it is seen that the chord 
stresses increase from the end toward the center; that the web stresses 
decrease from the end toward the center; and that all members slant- 
ing the same way as the end-post LJi\ have stresses of that sign, 




6aleo'-ISO' 



Fig. 33. Dimensions and Stress Diagram of Half a Six*Panel Warren Through Truss. 

while all that slant a different way have an opposite sign. These 
relations are true of all trusses with parallel chords and simple systems 
of webbings. 

34. Position of Live Load for Maximum Positive and Negative 
Shears. The dead load, by reason of its nature, is an unchangeable 
load. The stresses due to it are the- same at any and at all times. 
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Fig. 34. Calculatiuix Maximum Positive and Nopative Shears in Simple Beam under Live 

Load. (\)Uveniioiial M»'thotl. 

With the live load, the case is different. The live load represents 
the movement of traffic upon the bridge. At certain times there may 
be none on the bridge, while at other times it may fill the bridge 
partially or entirely. In such cases the shears due to live load will vary. 
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Conventional Method, It has been found that the maximum 
'positive shear ai any section of a simple beam occurs when the beam is 
loaded from that section to the right support, and that the maximum 
nrgaiive shear occurs at the same section when this beam is loaded from 
the section to the left support. This can be proved as follows : 

I^t a beam be as in Fig. 34, and let a — a be the section under 
consideration. The reaction i?^ is due to the load wy on the part y, 
and to the load uu: on the part x. That is, 

Now the shear at the section a — ais R^ — wx; or, 



a - a 
C " / - £. ) I 

X 



wxli" \ ^^^--wX^Va.a 



(H^) 

!"(^^) 



21 



2/ 



-t.X +^-Va.a 



From inspection of this last equation, it is seen that wx ^ -, — - ^ 

is the amount that is added to the reaction by loading the part x. 

X 

Also^ that 1 is less than unity, is evident. The amount in 

brackets in the last equation represents the effect of the loading of 

the segment x of the beam. As this is negative and will only reduce 

w y^ , . 
the positive valued term— -y , it is therefore proved that to get the 

largest positive shear the beam should be loaded from the section to 
the right support. 

From further inspection of the equation, it will be seen that the 
term in brackets, which represents the effect of the load on the seg- 

ment x on the shear, is always negative; and that the term- ', which 

represents the effect of the load on the segment y on the shear, is 
always positive. Hence, to get the largest negative shear at the 
section, the load should be on the segment x. That is, the loading 
should be from the section to the left support. 
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In a truss, the loads are placed at the panel points; and the 
above rules in application, should be fonnulated as follows: 

To get the maximum positive shear at a section or in a panel, load all 
panel points to the right of it. 

To get the maximum negative shear at a section or in a panel, load all 
panel points to the left of it. 

Example. Determine the maximum positive and the maximum 
negative shears in the panels of the 7-panel Pratt truss shown in Fig. 35, the 




Fig. 35. Calculation of Shears in Panels of 7-Panel Pratt Truss. 

live panel load being 40 000 pounds. (It will be noticed that the height of 
the truss is not required.) 

For maximum + V in 1st panel, load L,, Lg, L3, L^, Lj and L^. 



( t 



( ( 



<• 



( ( 



( ( 



1 1 



1 < 


+ v 


'' 2d 




' ' Lj, L3, L^, L5, and L^. 


( ( 


4-V 


" 3d 




" L3, L^, L5, and Lg. 


1 1 


+ v 


•• Itii 




" L4, L5, and Lfi. 


( ( 


+ v 


" oth 




'' L,andL, 


( ( 


-f-V 


'* Gth 




" T 


( < 


+ v 


" 7th 




'^ no panel points at all. 



The reaction produced by each of the loadings is equal to the 
shear for that particuhir case, since the shear at any section or in any 
panel is c<|ual to the reaction mimt,s the loads to the left of the section 
or panel, and, according to the method of loading, there are no loads 
to the left of the section; therefore the reaction is e(|ual to the shear. 

For the first panel, the computation is made as follows, the 
center of moments IxMiig, of course, at L^: 

(/«', - + 1 ,) X 7 X 20 - 40 X 20 -f 40 X 2 X 20 + 40 X 3 X 20 -f 40 X 
4 X 20 + 40 X 5 X 20 + 40 X G X 20. 

It will Ix* seen that as 20 occurs in all terms of this eciuation, it 
can be factored out by dividing lK)th sides by 20, and the rtvsult will 
be the same. The equation can now be written: 
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4.V, X7-40 4-40X2 + 40X3 + 40X4 + 40X6 + 40X6, 

and can still be simplified by writing: 



40 

+ V, -y- (1+2 + 3 + 4 + 54-6) 



+ 120.00, 



which is the form customarily used, the panel length being taken as 
a unit of measurement. The other shears are now easily computed 
in a similar manner: 

+ r, « 15 (1 + 2 + 3 + 4+ 5) -+ 85.71 



+ r, = 1^ (1 + 2 + 3 + 4) 



+ 57.14 






-^-(1 + 2 + 3) = +34.28 



40 



(1 + 2) = +17.14 



-!^ (1) = +5.71 



-fT^=i^(0) 



+ 



In computing the maximum negative shears, sometimes called 
the minimum shears, the reaction is not the same as the shear, as 
there are loads to the left of the section, and these must hv sub- 
tracted. The loadings are: 



For maximum — V 


in Ist panel, 


load no points. 


* * * * — i'^ 


*'2(l '* 


" L, 


« « 1 1 i r 


''3d '' 


' ' L, and L^. 


t t It 1/ 


'Mth '* 


" L,, L^, and L,. 


i 1 ( ( T r 


*'5th " 


" Li, Lj, L3, and L^. 


* f ft 1 r 


''6th " 


" L„ L.„ L3, L„ and L^. 


t * 11 \r 


" 7th ' ' 


" L„ L^, L3, L^, L,, and L,; 



It is evident that the maximum — \\ is e(jual to zero, there 
being no loads on the span. The maximum negative shear in the 
second panel is equal to the reaction produce<l by loading the pan(»l 
point Lj, and the load at Lj. Thus, 

7/?, = 40 X G 
«. = ^- (6) 

= 1;- (6) - 40 
5.71 
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The other shears are next computed as follows: 

_ F. = -2- (6 + 5) - 2 X 40 = - 17.14 

- y, = ^ (6 -f 5 + 4) - 3 X 40 = -34.28 

- V. =- -2- {(i f- r> + 4 + 3) - 4 X 40 - -57.14 

_ K. = **^ (C + 5 f 4 + 3 + 2) - 5 X 40 ^ 85.71 

40 
_ r, = y (0 I- 5 + 4 + 3 + 2 + 1) - 6 X 40 120.00 

The maximum {wsitive and the maximum negative live-load 
shears should now be written side by side, and inspected, in onler to 
observe any existing relations which might help to lessen the labor 
of future computations. The values are given in thousands of pounds 
below: 





Location 


Max. -f LiVK-LoAD Shear 


Max. — Live-Load Shear 




r, 


+ 120.00 


- 0.00 




V, 


+ 85.71 


- 5.71 




V, 


+ 57.14 


-17.14 




V, 


+ 34.28 


-34.28 




V, 


+ 17.14 


-57.14 




V, 


+ 5.71 


-85.71 




V, 


+ 0.00 


-120.00 



It is at once seen that the negative shears are numerically equal in 
value to the jx)sitive ones, hut that they occur in rt»verse order. This 
simplifies tlie hilM)r re(|uire<l in the derivation of the negative shears; 
for, after computing tlie maximum [X)sitive shears, these may be 
written in reverse order, and the negative sign prefixed; the result 
will Ix; the maximum negative .shears. 

The alK)ve methcMl for maxinnini live-load shears is called the 
conventional mcth<Kl. It is the one that is almost universallv used, 
and its u.se will hv continued throughout this text. 

Exact Method, On accxunit of the fact that the floor stringers 
or joists transfer the loads to the panel iK)ints, it would be impossible 
to have a full panel live load at one panel {K)int and no load at the 
panel jxnnt ahead or l)ehind. In order to have a full panel load at 
one point, the stringers in the panels on both sides of the point must 
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be full-loaded, and this would give a load at the [Minel point ahead, 
provided the bridge was fully loaded up to and not lx?yond the panel 
point ahead, equal in value to one-half of a full i>anel load (see Fig. 
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\ / 

\ / 

/ \ 



Live LOgc 




Fig. ML lUustratlng *- Exact" Method of Calculating Llve-Lnati Shears in Panels. 

36). The uniform live load, in order to produce full pani*l loads at 
L,, L, and L^, will also produce one-half a panel load at L^. 

By the methods of differential calculus, it can Ik? proved that 
the true maximum positive live-load shear occurs in a panel when the 




m. panels 



Pig. S7. Calcnlatlng Maximum Positive Live-Load Shear In Panel. 

live load extends from the panel point to the right into that panel 
an amount (see Fig. 37) e<|ual to 



X = 



n 



m-\ 



in which, 

n — Number of the panel point to the left of tlie i^anol under conBiilora- 

tion, counting from the right; 
fR n Total number of panels in the bridge; 
p » Panel length. 

Let the truss of Fig. 35 l^e considered, the live load l)eing 2 000 
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pounds per linear foot of truss, and let it be required to determine the 

true maximum positive live-load shear in the 5th panel jrom the right 

end, 

4 



7 - 1 



X 20 - 13.333 feet. 



There will now be (4 X 20 + 13.333) X 2 000 = 186 666 pounds on 
the truss; and the left reaction will be {186 666 X (4 X 20+13.333) 
-^ 2; 4-140 = 62 200 pounds. From this must be subtracted the 
amount of the load on the 13.333 feet, which is transferred to the 
point L^. This is equal to the reaction of a beam of a span equal to 
the panel length, loaded for a distance of 13.333 feet from the right 
support with a uniform load of 2 000 pounds per linear foot. This 

amounts to (13.333 X 2 OOOX J ) -=- 20 = 8 890 pounds. The 

true shear is now: 

+ K3 = +62 200-8 890 = +63 310 pounds. 

The + F3, as computed by the conventional method, was + 57 140, 
making a difference of 3 730 pounds l>etween the two. If the true 
shears were computed and compared with the conventional shears, 
it would be found that the I\ would be the same, and that the 
remainder of the conventional shears would be greater than the 
corn*s|X)nding true shears. The difference between any two corre- 
sponding shears would increase from the left to the right end; that 
is, the difference between the conventional and exact shears would 
be greatest in the panel LrL^, 

To get the maximum negative shear in any panel, load from the 
left supjx)rt and out into the panel under consideration an amount 
p — x, and proceed in a manner similar to that above described. 

As this method of exact or true shears is seldom employed, 
problems illustrating its application will here l)e omitted. 

35. Position of Live Load for Maximum Moments, In ordtr 
to obtain the viaximum vwmcnt at any point, the live load must cover 
the entire bridge. Let the beam of Fig. 34 be considered, and let 
it l)e nHjuired to obtain the maximum moment at the section a — a. 
The riMietion, as before computed, is: 
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all terms of which are positive. The moment at the section is : 

X 

M ^ RxX X - wx-^; 
and substituting for R^ its value, 



M 



vox* / ^ . \ , trt/*x wx* 



7X» / X . \ 



21 



/ V 2 ^ V 2 "^ 2 / ' 
^"^ V2/ ^ / 2/^2/ 

But y = I — x\ therefore, 

^=-^^-27-^-/- --2") ^ TT' 



, /2/-X 1 \ ^ 



w7/*x 
2/ 



The first tenn of this equation represents the effect of the load 
on the portion a?, and the second term represents the effect of the 
load on the portion y. The value of if will always be positive. The 
quantity x varies between and I, When a? = 0, M is equal 
to 0. When x = I, the moment is equal to + wy^x -r- 2. For 
all values of x between and I, the first term is positive; and the 
second term being positive in all cases, it is therefore proved that for 
maximum live-load moments at any point, the entire span should 
be loaded, as loads on both segments add positive values to the 
moment value. 

36. Warren Truss under Live Load. In order to analyze a 
truss intelligently, it is necessary to know its physical structure; 
that is, it must be known what character of stress can be withstood 
by the different members. The top chords of all trusses are built 
to take only compression, and the bottom chords are built to take 
only tension; while some web members of some trusses are built for 
tension stresses, some for compression stresses, and some for both. 
The characteristic of the Warren truss is that the web members are 
built so as to be able to withstand either tension or compression. 

Let it be required to determine the live-load stresses in the 
Warren truss of Fig. 32. Let the live load per square foot of roadway, 
which is assumed to be 15 feet wide, be 100 pounds. The live panel 
load is then 100 X 15 X 20 ^ 2 = 15 000 pounds, and the live-load 
reaction under full load is 2 J X 15 000 = 37 500 pounds. 
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As the live load must cover the entire bridge to give maximum 
moments — and therefore maximum chord stresses, as the chord stress 
is equal to the moment divided by the height of the truss — a simple 
method for the determination of live-load chord stresses presents 
itself. The live load and the dead load being applied at the same 
points, and being different in intensity, the stresses produced will 
be proportional to the panel loads. The maximimfi live-load chord 
stresses (see Fig. 33) will then be equal to the dead-load chord stresses 
multiplied by 15 000 -t- 6 333 = 2.371, and they are as follows: 

L^U^ = -2.371 X 17 700 - -42 000 

U,L\ = -2.371 X 15 833 -= -37 530 

U^U^ = -2.371 X 25 333 - -60 050 

r/,r/, = -2.371 X 28 500 07 600 

LJ., = +2.371 X 7 917 - +18 770 

L,L, = +2.371 X 20 583 = +48 800 

LJ.3 = +2.371 X 26 917 = +63 850 

The next step in order is to determine the maximum positive 
shears, and from these write the maximum negative shears. This 
is done as follows: 



V',.-'i0?0(j^2 + 3+4+5) 
o 

6 

V, . 11«00 (1 + 2) 
o 

15 000 



6 



v.- 



iive-Load V 


— Live-Load V 


= +37 500 





= +25 000 


-2500 


= +15 000 


-7 500 


= + 7500 


-15000 


= + 2500 


-25 000 


+ 


-37 500 



The stresses produced by the ix)sitive shears are called the 
maximum live-load stresses, and are: 



. 7.„f/j - -37 500 X 1.12 42 000 

. UJj, = +37 500 X 1 12 - +42 000 

. ^i^^ = -25 000 X 1.12 28 000 

. U,L^ = +25 000 X 1.12 = +28 000 

. L^U^ = -15 000 X 1.12 = -16 800 

- U^L^ cos <j^ + 15 000 = .-. UJj^ = + 15 000 X 1.12 = + 16 800 

The stresses produced by the negative shears are called the 
minimtmi liveAoad stresses, and are: 



-\-LJJ^ cos <j> + 37 500 = 

- (7,Lj cos ^ + 37 500 - 
^L.U^QOS + 25 000 = 

- U,L^ cos + 25 000 = 
+ L^U^ cos ^ + 15 000 = 
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-^LoUi cos <l> -\- = 

- L\Li cos ^ + =0 
-^L^Ui cos ^ - 2 500 = 

- l\L^ cos ^ - 2 500 = 
+ L,l\ cos ^ - 7 500 = 

- L^La cos ^ - 7 500 = 



.-. Lot/, = 

.-. U^L, = 

.-. L,U^ = +2 500 X 1.12 = +2 800 

.-. UJ.^ = -2 500 X 1.12 - -2 800 

.'.L^U^ = +7 500 X 1.12 = +8 400 

.-. I73L3 = - 7 500 X 1.12 = -8 400 



These stresses, together with the dead-load stresses, should 
now be placed together as a half-diagram, as is done in Fig. 38, the 
stresses being rounded off to the nearest ten pounds and then ex- 
pressed in thousands of pounds. No minimum live-load stress is 
given for the chords, as this will evidently l^e zero in all cases, since 
no jx)sition of the live load will cause a reversal of stress. It will l)e 
seen that the stresses produced by the negative shears an* of opposite 
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+ 26 92 
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Fig. 38. Dimension and Stress Diagram of Warren Half-Truss under Live Load. 

sign from the stress produced by the dead load, and these tend to 
decrease the dead-load strcss by that amount; and in some cases 
(see L^ U^ and U^ Lg, Fig. 38) it will be so large as to overcome the 
dead-load stress and therefore change the total stress from one kind 
to another. Do not forget, in considering any combination of the 
above stresses, that the dead load occurs with either the maximum 
or the minimum live load, but not with both at the sainc time. 

37. Counters. By reference to U^ Lg (Fig. 38), it is seen that 
when the live load is on the panel points L^ and />, the total stress in 
the member is + 3.54 + (— 8.40) = —4.86, a comprt^ssive stress of 
4 860 pounds; whereas, under dead load alone, the str(\ss was + 3.54, 
a tensile stress of 3 540 pounds. If the member P, L^ had been built 
of long, thin bars which could take only tension, and which con- 
sequently would have doubled up under the resultant compression 
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brought upon them by the combined 
actkm of the dead and minimuni live- 
toad stresses, then this member could 
not be used in this case, but some 
other arrangement would be necessary . 
in order to insure the stability of the 
truss. 

In the Warren truss, no special bp- 
rangement is necessary, as the web 
members are built so as to take either 
tension or compression ; but with the 
Pratt and Howe trusses some special 
arrangement is necessary, as the diag- 
onals are built to take one kind of 
stress only. The case of the Pratt will 
Iw considered first 

The Pratt truss has the diagonab 
made of long bars which take tension 
only, and the intermediate posts are 
constructed so as to be able to take 
compression only. It is not necessary 
to consider the intermediate posts, for 
the action of the web members is such 
that the resulting stresses are always 
compressive. 

I^t the 13-panel Pratt truss of 
Fig. 30 be con^dered. Tlie panel 
length is 18 feet, the hei^t25 feet, the 
(lead jmncl load 22000 pounds, and 
tlic live panel load 58 500 pounds. 
The secant is (18* + 25' )* + 25 = 
1.231. The dead-load shears and the 
maximum and minimum live-toad 
shears arc placed directly Ijelow their 
respective panels. Only those mem- 
ln-rs are shown full-lined in Fig. 30 
which act under the dead load. Note 
that the dead-ktad shears in the center 
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panel being zero, the dead-load stress in the diagonals in the center 
panel would be X sec ^ = 0. 

In the first four panels from either end, the live-load shear, 
which is of a different sign from that of the dead-load shear, is 
smaller than the dead-load shear, and therefore will not cause a 
reversal of stress in the member in that panel. For example, take 
U^L^; then, for dead-load stress, 

-U^L^ cos (l> + 66.0 = .-.t/jLa = 4-66.0 X 1.231 « +81.20 

For live-load stress, 

-UjL^ cos <j> - 27.0 = .-.U^L^ = -27.0 X 1.231 = -33.25 

Tlie total stress = + 81.20 - 33.25 = + 47.95, which is still 
tension. 

Considering L^ U^^, the stress equations are : 
For dead-load stress, 

-^LgU^o COS <ji - 66.0 = .-. L^U.o = +81.20 

For live-load stress, 

+ L,f;,oco8 <l> + 27.0 = r.L^U^Q - -33.25 

The total stress, as before, is + 47.95, or a tension of 47 950 pounds. 
An inspection of the center panel and the two panels on each 
side of it, shows that the live-load shear is of a different sign from 
the dead-load shear, and is also greater in value than the dead-load 
shear. If the members shown in Fig. 39 were the only ones in the 
panels, then the dead-load stresses would be : 



- l\L^ cos <ft + 44.0 = 

- L\L^ cos ^ + 22.0 = 
-^L^U^ cos <j> - 22.0 = 
+ LJJ^ cos ^ - 44.0 = 

i-load stresses caused b\ 



IhL. - 


+ 54.20 


U,K - 


+ 27.10 


L,U,= 


+ 27.10 


L.V, = 


+ 5 1.20 



and the live-load stresses caused by the shear of opix)site sign from 
that of the dead-load shear, are: 

-r/.LjCos ^ - 45.0 = U,L^ = -55.40 

- C/A cos <j> - 67.5 = UJj^ = -83.10 
+ L7I;, cos <l> + 67.5 = L^U^ = -83.10 
+ L.r7, cos <t> + 45.0 = L^U^ = -55.40 

As no diagonal acts under dead load in the center panel, we may 
assume that (7^ L7 acts under live load. The stresses which occur 
in this are: 

+ L\L^ cos <f> + 94.5 = UJ., - f 1 10.30 

- U^L, cos i - 94.5 - (/„L, = - 116.30 
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The above shows that compressive stresses will occur in the 
diagonals which were built for tension only. These stresses are: 

UJj^ = + 54.20 - 55.40 « - 1 200 pounds 

UJj^^ +27.10- 83.10- - 56 000 '* 

LjU^'^ +27.10- 83.10 « - 56 000 *' 

L^U. « +54.20 - 55.40 - - 1 200 " 

UJj, « - 116.30 - -116 300 '* 

If some provision were not made for these stresses, they would cause 
the members to crumple up and the truss to fail. In order to allow 
for them, diagonals are placed in the panels, as shown by the dotted 
and flashed lines. These members will take up the above stress; 
and moreover, as they slope the opposite way from the main members, 
they will be in tension. 

In order to prove this, assume LJJ^ to act when the live load is on 
points I/5, L^y L3, Lj, and L^ Now, UJj^ will not be regarded, as its 
stress will be zero. Then the stresses will be: 
For dead load, 

+ L,C/o cos + 22.0 - L^U^ 27.10. 

For live load, 

+ L,r/, cos 4> - 67.5 = LJU^ - +83 10; 

and the totjil stress in L^^ will be - 27.10 + 83.10 = + 56.00. 

In a similar manner, the stresses in the other members arerL^U, 
= +1.2; 4L^,= + 116.30; t7^g =+ 56.00; and t7^,= +1.2. 
These diagonals are called counters or counter-bracing. 

From a consideration of the foregoing, it is evident that : 

(a) // the live-load shear in any panel is of opposite sign and greater 
than the dead-load shear in the same panel, then a counter is required. 

Q)) The stress in a counter is equal to the algebraic sum of ,the dead-load 
shear and the live-had shear of opposite sign times the secant of the angle it 
makes with the vertical. 

This is true for any truss with horizontal chords and a simple system 
of webbing with diagonals and verticals. 

38. Maximum and Minimum Stresses. Some specifications 
recjuire the member to be designed for the maximum stress, while 
others take into account the range of stress. In this latter case it 
is necessary to <letermine the minimum as well as the maximum stress. 
Except where a reversal of stress occurs — and this does not liappen 
in trusses with horizontal chords — ^few specifications require any 
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but the maximum stresses to be com- 
puted. For that reason, little space 
i^dll here be devoted to the minimum 
stresses, their computation in succeed- 
ing articles being thought to illustrate 
them sufficiently. 

(a) The maximum stress in a member 
is eqtuil to the sum of the dead-load stress 
and the live-load stress of the same sign. 

(b) The minimum stress is equal to 
the sum of the dead-load stress and the live- 
load stress of the opposite sign, or to the dead- 
had stress alone, according to which gives 
the smallest value algebraically. By this 
latter statement it should be seen that if 
the maximum stress is —58.60, then or 
+ 18.00 would be smaller than -3.00. 

(c) It is evident that the minimum 
in all counters and in all main members 
in panels where counters are employed will 
be zero, for when the counter is acting the 
main member is not, and therefore its stress 
is zero. The reverse is also true. 

(d) An exception to a is seen in the 
case of the counters. Here it is evident 
that the maximum stress is equal to the 
algebraic sum of the dead-load shear and 
'the live-load shear of opposite sign times 
the secant of the angle which the counter 
makes with the vertical. 

WTiile it is true that in trusses with 
horizontal chords the loading for maxi- 
mum shears will give the maximum 
live-load stress to be added to the 
dead load for the maxiviuvi stress, it is 
not always true that the loading for 
minimum live-load shears will give the 
stress to add to the dead-load stress to 
get the minimum stress. However, the 
loading for the minimum live-load 
shears will give the live-load stress to 
be added to the dead-load stress for 
the minimum stress, except in the case 
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of verticals placed between panels each of wfaldi contains counteiSy 
and in that case it may or may not do so. In sudi cases a kMuling 
must be assumed — ^preferably the one for minimum shears — and 
the shears in the panels on each side of the vertical must be com- 
puted Jot the loading agsumed. 
If the resultant shear b the same 
sign as the live load, thai the 
main diagonal acts; if it is of 
different sign, then the counter 
acts. 

As an example, let it be re- 
quired to find the minimum stress 
in the vertical UJL^ of the truss 
of Figs. 39 and 40. It is assumed 
that the loading for minimum 
shears will give the result. Tlie 
section a— a is then passed, and 
the live load placed on L^ and all 
points to the left. The shears will 
then be as shown in Fig. 41. To 
obtain the shear in the panel L^^ 
under this loading , it must be 




dlv. 


-4- 44.0 


.+ 22.0 


Uv. 


- 9.0 


- 67.5 


Total V 


4- 


— 



Fig. 41. Stress Diagram for Vortical in 
Truss of Fig. 40. 



]ncml)ered that a load is at L^; and so the shear is the shear in the 
panel LJj^ with the panel load at L^ added, or, —67.5 + 68.5 = 
— 0.0. The diagonals now act as indicated by Fig. 41, and the total 
stress in U^L^ is determined by passing a circular section around U^ 

and it is : 

-Load at f/g - l\L^^ 0. 

As there is no load at C/5, the stress in U^L^ is = 0. The same result 
will occur if points L^ or Lg and to the left are loaded; but if points 
Lj and to the left are loaded, the members UJj^ and' U^L^ will act, 
and the stress in U^L^ will then be equal to the shear on the section 
a ^ a. The stresses are: Dead-load, — 22.0; and live-load, + 
13.5, which gives a total of — 8.5; but as the maximum stress is 
-22.0 - 120.0 = - 148.0, it is evident that and not -8.5 is the 
minimum. 

The computation of the maximum stress is as follows: 

Load points L^ and to the right. The shear on a — a is, for 
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dead load, +22.0; and for + live load, +126.0; and the equations of 

the stresses are : 

+ 22.0 + C/5L5 = t/jL, 22.0 

+ 126.0 + U^L^ = UJj^ 126.0 

Max. = -148 

TRUSSES UNDER DEAD AND LIVE LOADS 

39. The Pratt Trass. The Pratt truss is used to perhaps a 
greater extent than any other fonn; probably 90 per cent of all simple 
truss spans are of this kind. 

Let it be desired to determine the stresses in the 8-panel 200-foot 
single-track span shown in Fig. 42, the height being 30 feet, the dead 
panel load being 30 000 pounds, and the live panel load 62 400 

pounds. The secant is \~2b -\-^l0) * -^ 30 = 1.302, and the cosine 

is 0.7685. The dead-load reaction is ^ X 30.0 = 105.0. 

The dead-load shears are : 

\\ = +105.0 

\\ = + 75.0 

V^= -h 45.0 

F, = + 15.0 

V^= - 15.0 

The dead-load chord stresses may be tabulated as follows (see 
Articles 27 and 29) : 

Dead- Load Chord Stresses 





Cen- 






Member 


Sec- iter of 

TION Mo- 


Stresh Equation 


Stress 






ME NTS 






LoLy = L,L, 


a-a 


+ 105.0 X 25 - L^L^ X 30 = 


+ 87.5 


L^L^ b-b 


u. 


-1- 105.0 X 50 - 30.0 X 25 - L^L^ X 










30 = 


+ 150.0 


L,L, 


c — c 


u. 


+ 105.0 X 75 - 30.0 (25 + 50) - L3L, 
X 30 = 


+ 187.5 


b\U, 


a — a 


L, 


+ 105.0 X 75 - 30.0 X 25 + C7,C72 X 
30 = 


-150.0 


U,U, 


b-b 


L, 


+ 105.0 X 75 - 30.0 (25 + 50) + 
U^U:, X 30 = 


-187.5 


U,U, 


c — c 


L, 


+ 105.0 X 100 - 30.0 (25 + 50 + 75) 
+ 1/3^4 X 30 = 


-200.0 



In determining dead-load stresses in web members, it is cus- 
tomary to assume one-third of the dead panel loads as applied at the 
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upper chord points. Iliis, as will be seen, makes no difference in the 
stresses in ibe cbords or in the diagonals, the stresses in the verticals 
only being different from what is the case when all the dead load is 
taken on the lower diord. 

The stresses m the diagonals (see Articles 27, 28, and 30) are: 



Dead-Load Strcsws In DtacoaaU 



Mn.- 


Jjt :^.-^r 


..„.^..„„. 


Stum 


i 


o-o +105.0 
a-a + 75.0 
h~b + 45.0 
c-e + 15.0 


+ 105.0 + UV, X 0.7686 - 
+ 75.0 - U,L, X 0.7685 - 
+ 45.0 - U^t X 0.7685 - 
+ 15.0 - U,L, X 0.7685 - 


-136.70 
+ 97.60 
+ 58.60 
+ 19.53 



In determining the stresses in the verticals, it is to be remem- 
bered that one-third the dead panel load (or lO.O) is at the panel 




points of the iip]H'r chonl, and two-thirds (or 20.0) is at the lower 

chonl. Tlif stress in tlie hip vertical VJ-^ is determine<i by passing 

a circular section anmnd L.. Il is solved thus: 

-20.0 + I'J., " UJ., = +20.0 

In a similar manner the stress in V,L^ is found to be: 
-10 - ('./:. = U,L, - -10.0 

In imler tn find the stress in the remaining verticals, sections 1-1 

and 2 — 2 are pas.scd, cutting tlurn, and the shears on the.st- .s<'ctions 

computed. The .shears are: 

V,-, - + lO-l-O - 2 X 20 - 1 X 10 " +.15,0 
I's _ , - + 105.0 - 3 X 20 - 2 X 10 - + 25.0 

The stress equations arc written, remembering that as the verticals 
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make an angle of zero with the vertical, their cosine is equal to unity. 

These equations are: 

+ UJj^ + 55.0 - UJj^ = - 55.0 

+ C/,L, + 25.0 - l/,L, « -25.0 

The live-load chord stresses will be proportional to the dead- 
load chord stresses, as both loads cover the entire truss in exactly 
the same manner. The ratio of the panel loads by which the dead- 
load chord stresses are multiplied in order to get the live-load chord 
62 400 



stresses, is 



= 2.08, and the chord stresses are : 



U. 



30 000 

LJj^ - L,L^ =• + 87.5 X 2.08 « +182.0 

LJj^ = +150.0 X 2.08 = +312.0 

L^L^ = +187.5 X 2.08 = +390.0 

U,U^ 150.0 X 2.08 = 312.0 

r/jt/j 187 5 X 2.08 = -390.0 

UJJ^ = -200.0 X 2.08 = -416.0 

As the entire bridge is to be loaded to get the maximum stress in 
LJU^, it is therefore equal to the 
dead-load stress iiines the above 
ratio; or LJU^ = -136.70 X 2.08 
= - 284.20. 

The maximum live-load stress 
in UJj^ is determined by passing 
a circular section around I/j, and 
is solved (see Fig. 43) from the 
equation : 

+ l\L - 62.4 = .-. U,L^ - +62.4 

For UJj^y the section a — a is 
passed, and the points L, and to 
the right are loaded. The maxi- 
mum shear is: 

62.4 
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Fig. 43. Calculation of Maximum Live- 
Load Stress In a Vertical of Span 
of Fig. 42. 



+ F, = + 



8 



(1+2 + 3 + 4 + 5 + 6)= + 163.8; 



and the stress equation is: 

+ 163.8 - C/iLj X 0.7685 = .*. U,L^ = +213.2. 

In a similar manner, pass section 6 — 6, and load points L^ and to 

the right, and the shear and the stress equations for U^L^ are: 

62.4 



+ F, = + 



8 



(1+2 + 3 + 4 + 5)= +117.0 



+ 117.0 - t/^, X 0.7685 « 



.-. C/jL, = +152.4 



55 



For [7^^ die flection c — e is passed, and the panel pomts to Ae 
are loaded. Tlie shear and stress equations are: 

+ V« - + -^(1 + 2 + 3 + 4) - +78.0 
+ 78.0 - UJm^ X 0.7886 - .*. l^^L^ - +101.6 

For the maadmum stresses in the verticals, sections 1—1, 2-2, 
and 3—3 are passed, and in eadi case the panel points to the left 
of these loaded. Tlie shears are 






V.-.- 



02.4 
8 

02.4 
S 

02.4 
S 



(1+2 + 3 + 4 + 6)- +117.0 



(1 +2 + 3 + 4) - +78.0 



(I + 2 + 3) - +46.8 



The stress equations for V^ and UJj^ are simple, as only time 
members are cut. They are: 

+ 117.0 + UJ,^ - .-. l^Ai 117.0 

+ 78.0 + UJ.^ - .-. UJ^ - - 78.0 

It is seen that the section 3*-3 cuts the member LJJ^ and 

therefore the stress in this must 
be determined before the stress 
equation can be written, as its ▼e^ 
tical component will enter into it 
However, by comparing the dead- 
load shear in that panel, which is 
— 15.0, and the live-load shear K,.,, 
which is +46.8, it is seen that the 
resultant shear is + ; and, as this 
is of opposite sign from the dead- 
load shear, a coimter is required 
and IS acting. The stress in UJj^ is zero, and the diagonals act as 
ill Fig, 44, the section 3 — 3 then cutting three members. The 
stress equation is + 46.8 + UJj^ = 0, from which UJj^ = — 46.8. 
Care should be taken not to add to this —46.8 the —10.0 
derived as dead-load stress on page 44, in order to get the maximum 
stress, as the —10.0 previously derived was the dead-load stress 
in UJj^ when UJj^ and i^t/^ were acting. The dead-load stress which 
goes with the live-load stress of —46.8 acts simultaneously with it. 




Fig. 44. CaU'iilatlon of Stress in Dlag 
onal of Span of Fig. 42. 
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and is the dead-load stress in U^L^ when the members U^L^ and UJL^ 
are acting as in Fig. 44. The dead-load shear on the section 3 — 3 
would then be the left reaction minus the loads at points U^, U^, U^, 
ij, L,, L^nd L^; or, 

V,«, = +105.0 -3X10-4X20- -5.0; 
and 

-5.0 + U^L^ =» ,'.U^L^ « +5.0. 

Remember that this +5.0 can act only when the live load tends to 
produce a stress of —46.8; and thus the total stress in 17^^ with live 
load in that position is —46.8 + 5.0 = —43.8, while with dead load 
only in the truss the stress is — 10.0- 

The dead-load shears and the maximum + and — live-load 
shears should now be written for inspection, in order to investigate 
for counters and then for the minimum stresses. Those whose 
derivation has not been given should be easily computed by the stu- 
dent at this time. The shears are 



Dead- Load 


-f Live- Load 


— Live- Load 


V, + 105.0 
F, + 75.0 
F, + 45.0 
V^ + 15.0 


+ 218.4 
+ 163.8 
+ 117.0 
+ 78.0 



- 7.8 
-23.4 
-46.8 



From a study of these it is seen that a counter is required in the 
4th panel according to rule a, Article 37; and according to rule b of 
the same article, the maximum stress is (—46.8 + 15.0) X 1.302 = 
+ 41.4, the minimum stress for it and also U^^ being zero according 
to the same article. A counter is also required in panel 5, as the 
truss is symmetrical. 

The minimum live-load stress in U^L^ is zero, and occurs when 
no live load is at the point L^. 

The minimum live-load stresses in the diagonals L\L^ and Ij\L^ 
occur when the truss is loaded successively to the left of the sections 
a — a and 6 — 6, in which case the shears are —7.8 and —23.4 
respectively. The stress equations are 



- C/,L, - 7.8 X 0.7685 = 

- U^L^ - 23.4 X 0.7685 = 



.-. U,L, = -10.16 
.-. (/,L3 = -29.15 



Hie minimum live-load stress in UJj^ is obtained by passing 
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section 1 — 1 and loa<ling the panel points to the left. The live-load 
shear is the same at this section as it is at the section 6—6 — namely, 
— 23.4. The stress etiuation is 

- l\L. - 23.4 = . . VJ., = +23.4 

To determine the minimum live-load stress in UJj^j proceed as 
indicated on page 42. By loading points L, and to the left, the hve- 
load shear in the 4th panel will be —46.8, and in the 3d panel under 
this same loading it will be -46.8 + 62.4 = + 15.6. The sign of the 
total shear in the two adjacent panels, and the members acting, are 
shown in Fig. 4o. The stress in UJj^ is then detennined by using a 



10 A- 10 




^0.0 EQO E( 
eE.-^ 6E^ 


dlv 


-»- -^5.0 


+ 15.0 


ll.v. 


-»- 1 5.6 


— 4-6.e 


Total V 


-+- 


— 




d.l.v. 



l.l.v. 



Total V 



H- 15.0 



"15.6 



-15.0 



"78.0 



F\iZ. 4n. Fig. 46. 

Stri'sv I )i;ipraTiis for Vortlcals In Span of Fig. A2. 

circular section anmnd f "3, and i.s simply the dead load at f"g, there 
IxMiJi^ no live-load stress in the nu^niher when the bridge is loaded as 
has been done. 

In finding the minimum live-load stress and also the minimum 
stress in t V>^, the sam(» method of procedure will be followed. I^t 
Lj and to the left be loaded. Then the shear in the 5th panel is 

— TS.O, and under ////,v same loadiru/ the shear in the 4th panel is 

— 7S.() + 02.4 - —IT)/). The sign of the total shear in each of the 
adjacent panels is given in Fig. 4(). It should Ik^ rc^membered that 
a resultant shear with the same sign as the dead-load shear causes 
the main diagonal to act, while a resultant shear of opposite sign to 
that of the dead-load shear causes the counter to act. The members 
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acting are shown, and a section 4 — 4 can be passed. The dead-load 
shear at this section is 105 - 3 X 20 - 4 X 10 = +5.0; and 

accordingly, 

- UJj^ + 5.0 = 0. 
Therefore, 

UJj^ = + 5.0 = Dead-load stress in this case. 

The live-load stress which acts at the same time is: 

-U,L^ - 15.6 = .-. L\L, = -15.6, 

the term — 15.6 representing the live-load shear on the section 4 — 4. 
This is not the minimum stress, as will next be shown, but it illus- 
trates the fact that the loading for minimum live-load shears does 
not always give the minimum 
Kve-load stress. 

By loading Lj, the live-load 
shear in the second panel, and 
likewise all others from this to 
the right support, will be —7.8. 
The total shears, together with 
their sign, and also the members 
they cause to act, are given in 
Fig. 47. The minimum live-load 
stress in UJj^ is found to be zero, 
and the dead-load stress is — 10, 
as is derived by passing a circular 
section around f/\, the equation 
being as follows: 

— Live load at C/4 — UJj^ = .*. UJj^ = Oforliveload. 
-Dead load at U4- U^L^ = .'. U^L^ = -10.0 for dead load. 

A diagram of half the truss should now be made, and all dead 
and live load stresses placed upon it, and these should be combined so 
as to form the maximum and the minimum stresses. Such a dia- 
gram, together with all stresses, is given in Fig. 48. 

The stresses are written in the following order: Dead load, 
maximum live load, minimum live load, the maximum, and the 
minimum. In the chord and end-post stresses, there is no minimum 
live-load stress recorded, it being zero. Where pairs of stresses occur 
simultaneously, a bent arrow connects them. 

40. The Howe Truss. The physical make-up of the Howe truss 




H^ 



TXv 



Total V 



■f 15.0 



- TQ 



-150 



- 7. 



Ptg. 47. Stress Diagram for Vertical In 
Span of Fig. 42. 
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differs from that of 
the Pratt in that 
the diagonals are 
made to stand com- 
pression only, and 
the verticals can 
stand tension only. 
In the Pratt truss 
it was found that 
none of the inter- 
mediate posts could 
be brought into 
tension by any 
loading. In the 
Howe truss it will 
be found that none 
of the verticals can 
be brought into 
compression. 

I^t it be required 
to determine the 
stresses in a Howe 
truss of the same 
span, height, and 
loading as the Pratt 
truss of Article 39. 
An outline diagram 
is given in Fig. 49. 

The dead-load 
shears and the 
maTomum and min- 
imum live-load 
shears will be the 
same as for the 
Pratt truss, and 
they are: 
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+ 105,0 




+ 218.4 




- 






+ 


75.0 




+ 163.8 










+ 


A5.0 




+ 117.0 




-23.4 






+ 


15.0 




+ 78.0 










- 


15.0 




+ 46.8 




-78.0 





In,spection of these shows that counters arc retiuircd in the 4th 
and ■')th panels (see Article 37). 

The dead-load lower chord stresses will lie computed hy the 




Fig. 4S. OalllDe DtagTam ol B-PuDel SlnKle-TrMk Howe Truss Span. 

tangent method (see Article 31), the section being y — y„ etc. The 
tangent of ^ is 25 -j- 30 = 0.8333, The stresses may l>e conven- 
iently tabulated as follows: 

Dead-Load Chord Stresses (Lower Chord) 



"."■ 


Sbction 


8r«.B. E«.AT.c. 




9t,i.»8 


it 
ii: 


» -». 

•J - y> 

y-y. 


- 105.0 X 0.833.1 + L,^ - 

-(105.0 + 75.0)0.8333 + /-,/-, = 
-(105.0 + 75,0 + 45) 0-8333 + LJ., ■- 
-(105.0 + 75,0 +45.0+15.0)0.833a + Lj/-. = 


+ 87,5 
+ 1.-.0.0 
I-1S7,5 
+ J00,() 



A simple method for the determination of the upper <'hord 
stresses, is to pass a section and to equate the sum of the hi)rizoiiliil 
forces. Pass section 1—1. The only horizontal forces are the 
stresses in L^^ and UJI^; and as these arc parallel, one must be (final 
and opposite to the other. In a like manner the stresses in the other 
sections of the top chord are found. The stresse,s are : 

U,V, I.J., (+ 87,5) - - 87,5 

V,U, - -L-,L,^ -( + 150.0) - -l,'iO,0 
U.t;, L^,- -( + 187,5) - -187-5 
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A consideration of the Pratt truss shows that this method can be 
applied to it in determining the chord stresses. 

As it is known that the diagonal web members are in compresskw 
mider the dead load which produces a positive shear in the left half 
of the truss, it is evident that positive live-load shears will pioduoe 
compressive stresses, and negative live-load shears tensile stresses, 
in the diagonals in the left half of the truss. Also, from Article 30, 
the stress in a diagonal is F sec <^. The stresses can now be written 
directly without the aid of the stress equation: 

Lot/, 105.0 X 1.302 - -136.70 

L^U^ 75.0 X 1.302 « - 97.60 

L^U^ = - 45.0 X 1.302 - - 58.60 
LiU^ 15.0 X 1.302 - - 19.53 

Likewise the stresses in the verticals can be written directly, remem^ 
bering that here the secant is unity, and that the shear at the section 
cutting the member is to be used, not forgetting that \ of the dead 
panel load is applied at the top panel points. The shears and 
stresses are: 

V\ _ , = 4-105.0 - 10 = +95.0 (7,L, - +95.0 

V'o _ 2 = +105.0 - 20 - 2 X 10 « +65.0 UJ^^ - +65.0 

v., _ 3 - + 105.0 - 2 X 20 - 3 X 10 = +35.0 L^L, = +35.0 

The meml)er UJj^ cannot be easily determined by passing a 
section 4 — 4, for this cuts four members. It is determined by passing 
a circuliir section about the point L^, the equation being +UJj^ 
— 20.0 == 0, from which UJj^ = +20.0, which is equal to the dc»d 
panel load at the point L^. 

The live-load chord stresses are determineji by multiplying the 
dead-load chord stresses by the ratio of the live to the dead loads. 
This has been found to be equal to 12.08. The live-load chord stresses 
are found to be : 



LoL, = +182.0 


U^U, 182.0 


L,L^ = +312.0 


UX\ = -312.0 


L2L3 = +390.0 


^3^4 = -390.0 


L3L, = +41G.0 





As the character of the stresses which can be taken by the 
diagonals and the verticals is known, the maximum and minimum 
live-load stresses can be written without^ first writing the stress 
equations. The maximum live-load stresses are: 
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Lot/, = -218.4 X 1.302 = -284.36 U.Ly^ = -1-218.4 

L,U^ = -163.8 X 1.302 213.27 UJ^^ = -f 163.8 

L,C;, = -117.0 X 1.302 152.33 U^L^ = +117.0 

L^U^ = - 78.0 X 1.302 = -101.56 U^L, = -h 78.0 

It should be noted that when L^ and all panel points to the right 
are loaded, the shears and the members acting are as shown in Fig. 
50. The dead-load shear on the section 4 —4 is + 15.0, less the load 
at U^, or + 15.0 — 10.0 = +5.0; and the equation of stress is — UJL^ 
+ 5.0 = 0, from which UJj^ = +5.0. Thus it is seen that in this 
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d.l.v. 


+ 15.0 


-15.0 


ll.v. 


- 7.8 


+ 15.6 


Total V 
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+ 



d.l.v. 


+ -^5.0 


-t- 15.0 
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Pig. 50. 



Fig. 51. 



Stress Diagrams for Members of Howe Truss Span of Fig. 49. 

case the dead-load stress is +5.0 when the live-load stress is +7S.0. 
The maximum stresses in the counters (see Article 37) are: 

(-46.8 4- 15.0) 1.302 = -41.4. 

The minimum live-load stresses are now written as follows: 



L,U, = + 7.8 X 1..'502 = -f 10.16 
LX-3 = 4-23.4 X 1.302 = -1-29.15 

lIl\ = 

U,L, = 



U,L, -- 
U^L^ - -7.S 

^.1^3 I See discussion 
L\L, S following. 



If live panel loads were placed at points Lj, L^, and L, the live- 
load shear in c — c would be —46.8; and the dead-load shear being 
+ 15, the counter would act, and the stress in UJL,^ would be tensile 
and equal to the sum of the dead and live panel loads which are at 
its lower end Ly If points L^ and L^ had live panel loads on them, 
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the resultant shear in c - c would be -23.4 + 15.0 =^ -8.4; the 
counter would act, and the stress in VJj^ would be t^isile and eqml 
to the dead panel load which is at jL^ There being no live pand UnmI 
at X^, the live-load stress in 17^, would be sero under this loading. 
If a live panel load be placed at L^ only, then the shears and the mem- 
bers acting will be as shown in Fig. 51, and F,., for dead load = 
+45.0 - the load at r^ or = 45 - 10 « +35.0. The F,_, te 
live load = —7.8, and the stress equation — U^ — 7.8 = 0, bom 
which UJL^ « — 7.8. So this live4oad compression stress of 7 800 
pounds occurs at the same time as the dead-load tensile stresB 
of 45 000 pounds. 

By loading various groups of panel pomts in succession and 
determining the resulting live-bad stresses in UJj^j it will be found 
that under no loading can a n^ative live-load stress be produced. 
The minimum live-load stress is therefore zero, and occurs when 
there is no live load on the bridge* 

The stresses should now be placed on an outline diagram similar 
to that of Fig. 48, and the stresses in corresponding members com- 
pared with those in that figure. This is left for the student. 

41. Bowstring and Parabolic Trusses. A bowstring truss is 
shown in Fig. 13, the full lines representing the main members, whidi 
are the members under stress by the dead load. The dotted members 
represent counters which may be stressed by the action of the live 
load. 

As before mentioned, the stresses in the chords and also in the 
webbing are quite uniform. WTien the end supports and the panel 
points lie on the arc of a certain cur\'e, called a parabola, then, under 
full load, the stn»ss(»s in all panels of the lower chord are equal; the 
stress in all verticals is tensile and is equal to the panel load at the 
lower end ; and the stress in all diagonals is zero. Under partial load, 
the stresses in the webbing are exceedingly small, and the chord 
stresses remain almost equal. 

If it is desired to have a parabolic truss, first decide upon the 
length of span, the number of panels, and the height at 
the center. The height of any vertical post is given by the 
formula : 

h ^ n - -^> 
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in which, 

H --= Approximate height at center; 
d = Distance of vertical post from center; 
I = Span; 
h = Height of vertical post sought. 

All distances are in feet. Suppose, as an example, that it was 
desire<l to determine the heights of the vertical posts in an 8-panel 
parabolic truss of a height approximately equal to 24 feet. One-half 




Fig. 52. One-Half of 8-Panel Parabolic Truss. 

the truss is showTi in Fig. 52. At the center, d = 0, and the (Hjuation 
reduces to A = //, which is 24 feet. For VJj^, d = 20; then. 





h = 24 -'^ 


X 24 X 20 
160' 




from which, 










h -= 


22.5 feet. 




For f'jL,' 


d = 40 






h = 


^ J 4 X 24 X 40' 
160' 




h = 18.0 feet. 


For U^L^, 


d = GO 






h = 


. 4 X 24 X 60' 




h = 10.5 feet. 



160 

Inspection of the above results shows that the span or the center 
height must l)ecome cjuite great before the clearance at TjA, will Ik,' 
sufficient to allow the traffic to pass under a j>ortal l)racin^ at this 
point. For this reason these tnisses an^ usually l)uilt as through 
tni.sses with bracing on the outside of the truss, which connects to 
the floor-beams extended. 
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In the bowstring truss, 
the panel pcnntsof the 
top diord usuaUy lie cm 
the arc of a paiabola 
which does not pus 
thiou^ the supports. 
For ezampfey suppose 
that it was decided to 
have the span and pan- 
els the same asshownm 
Fig. 52, but the hd^t 
at Ir| was to be 28 feet, 
and at L^ 36 feet By 
substituting these values 
in the equation just 
given, and solving for (, 
the place will be deter> 
mined where the pan- 
bolic curve cuts the 
lower chord extended, 
and the lengths of the 
vertical posts may be 
computed as before. 
Substituting these re- 
sults: 



28 = 36 - 



4 X 36 X eo« 



(-36 -f 28)/^ = - 4 X36 
X 60* 



I „ / 4 X 36 X 60* 
A 8 

- 254.5, 

which shows that the 
arc cuts the lower chord 
extended at a point 
254.5-5-2 = 127.25 feet 
from the center of the 
span (see Fig. 53). 
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The other vertical posts are: 



^'3^3 



U^L, 



h\L, 



4 X 36 X 20 

A = 36 - -==i = 35.11 feet- 

254.5 •• 

4 X 36 X 4()» 
A = 36 - - --2— = 32.44 feet; 



36 - — 



254.5 
4 X 36 X 60 



254.5 



i^i 



= 28.00 feet, which checks. 



The analysis of a l)owstring truss will now be given. Both the 
maximum and minimum stresses will be determined, as reversal of 




U 



Fig. 51. Outline Diagram of 5-Panel Bowstring Truss Span. 

stresses is liable to occur in the intermediate posts. The loading for 
minimum live-load stresses can be ascertained only by trial, care 
being taken to compute the dead-load stresses for the arrangement 
of web members caused by that particular live loading. 

Let it be recjuired to determine the maximum strt\sses in the 
5-panel lOO-foot lx)wstring truss 
shown in Fig. 54, remembering 
that the diagonals take only ten- 
sion. The height of f/^Lj is 20 
feet, and of UJj^ 25 feet. The 
dead panel load is 17 200 pounds, 
and the live panel load is 50 000 
pounds. The full lines show the 
main members which act under 
dead-load stress, and the dotted 
lines show the counters which may 

act under the action of the live load. One-third of the dead 
panel load, or 5 730 pounds, is taken as acting at the upper 
panel pomts, whiler the remainder, 11 470 pounds, acts at the lower 
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11.47 

Pig. 55. Resolution of Forces around 

Panel Point in Bowstring Truss 

of Fig. 51. 
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Analysis of Stresses In Various Members of the Bowstring Truss of Fig. 54. 
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ui«..^. ..rtic'les 27, 28, and 29 should be carefully reviewed before 
guing furtlier. The shear times the secant method cannot be con- 
veniently employed for the live-load stresses in the members U^L, 
and L,Vj, as tlie section will cut the member U^U^ and the vertical 
component of its stress must be reckoned with in the stress equation 
The method of moments as illustrated in Fig, 27, Article 29, will bt 
used for these members. 

The dead-load reaction is 2 X 17.2 = +34.4. The dead-load 
choni stresses should first be computed. 

By resolving the horizontal forces around t„ it is seen that LJ,, 
= L,Lj {see Fig. 55). Passing the section a — a, taking the center 
of moments, at (7„ and stating the equation of the moments to the 
left of the section, there results (see Fig. 56} : 

+ 34.4 X 20 - L,L, X 20 = .-. L,L, = +34.4 

For LJjj, the section b — b is passed; the center of moments is 
at Uj-, and the equation of the moments to the left of this section 
(see Fig. 57) is: 
+ 34.4 X 2 X 20 - (11.47 + S.73) 20 - L^, X 25 - .: L,L, = +41.26. 

By passing a vertical section cutting L^^ and L^U^, the stress in 
LgU,can Ije determined by taking the sum of the verticJil forces to 
the left and equating them to the vertical component of the stress 
(sec Fig. 58). The equation is: 
+ 34.4 + L.,U, X 0.707 = 0. from which L„V, = -34.4 X 1.414 48.7. 

A section a — a (Fig. 59) shows that the center of moments for 
t7,[/j is at U^; and stating the moments of the stress, and the forces 
to the left of the section, there results an equation in which an 
imknowii lever arm enters. This lever arm / is readily computed 
to be 24. 2S feet, aud the i-quation can now be written: 

+ :ii.4 X-2 X 20 - (11.47 + 5.73) 20 + U,U, X 24.28 = 
.-. U,U, - -42.51. 

The sln-ss in l'J.\ is determintHl by passing a vertical section 
in Ihe ltd jxinel, and takhig the sum of the horizontal forces. As there 
i.H no dead-Iond stress in the nioml>ers Ljf, and U^^ their compo- 
nents will lie wm. Thori-foo' (see Fig. fiO) it Is evident that (7,1^, 
nnij.1 1m' e*|UHl and op|¥isite to /-,/., and will be equal to -41.26. 

Ity rcferfniv to Kig. 55, the stress in L,l\ is seen to be tensile and 
i-t|UH) tt> I 1 1 .47. 
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Pass a circular section around U^ and take the sum of the vertical 
components, assuming that the stress in U^^ ®^*^ away from the 
section. The length of UJJ^ is Vy~+W = 20.6, and therefore the 
vertical component of U^U^ will be (42.51 -f- 20.6) X 5 = 10.32, 
which acts upward. The stress equation of UJL^ (see Fig. 61) is: 

+ 10.32 - 5.73 - UJj^ = .-. C7^j = +4.59, 

showing that a tensile stress occurs in U^^ when all panel points are 
loaded. 

The simplest method of ascertaining the stress in U^L^ is to pass 
a vertical section cutting members as shown in Fig. 62, and to ecjuate 
the horizontal forces and stresses. The hori7X)ntal component of 
l\U2 is: 

-^l- X 20 = 41.30, which acts toward the left. 
20.6 

The etjuation of stress is, then: 

-41.30 + 34.40 + U^LjSin <f> = 0; but sin </> = 0.707; 
r/jLa = +6.90 X 1.414 
= +9.76 

All the dead-load stresses being computed, the next operation 
will be to determine the live-load chord stresses. These are pro- 
portional to the dead-load stresses in the same ratio as the live panel 
load is to the dead panel load. This ratio is 50 -+ 17.2 = 2.907, 
and the chord and end-post live-load stresses are: 

Lot/, = -48.71 X 2.907 = -141.7 

C/,C/, = -42.51 X 2.907 = -123.6 

U,U^ = -42.26 X 2.907 = -123.0 

LoL^ = +34.40 X 2.907 = +100.2 

L^3 = +41.26 X 2.907 = +120.3 

Also, the stress in f/yL, when the live load covers the entire bridge 

is not 2.907 X 4.59, as it must be remembered that part of the dead 

load is at the panel points of the upper chonl. Taking a circular 

section around U^ (see Fig. 61), and noting that there is no load at l\, 

it is seen that the stress in U^^ due to live load is simply erjual to the 

vertical component of the live-load stress of U^U^ and will \ye tensile. 

It is: 

U,U^ = (123.0 -i- 20.6) X 5 = +30.0. 

The maximum live-load stress in U^L^ is tensile, and equal to 
the live panel load at L^ (see Fig. 55). 
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To obtain the maxirnnm stress in VJL^^ load £, and L^. Tlie 

shear \\ will then be ^ (1 + 2) = +30.0. The section will cut 

o 

the members as shown in Fig. 63, and the equation of stress will be: 

25 

+ 30.0- l/,L, cos ^- 0; but 006 ^ - __ _ - •»0.782; 

J20»+25* . 
.-. UJL^ - +38.4. 

If panel points L^ and L, were loaded, it is evident that the stress 

in LjU^ would be +38.4. 

To obtain the maximum live-load stress in TJJj^^ a section is 

passed cutting U^^^ I^J^v and UJj^ (Kg. 64). The center of 

moments will be at the intersection of Vfi^ and LJj^ and this point 

lies some place to the left of the support L^. The lever arm of VJj^ 

will be the perpendicular distance from this point to the line VJj^ 

extended. The panel points L^ L^ and L4 are loaded. The left 

50 
reaction is then (1 + 2 + 3) — - = + 60.0. The lever arms are 

5 

easily computed, and these, together with the members cut, are shown 

in Fig. 64. The equation of stress is: 

- GO.OX 60.0-1- U,L.,y. 70.8 = /. U^L^ = +50.80. 

If a load were put on L, only, then the reaction at L,, would be 

4 
— - X •'>() = 40; and the oc[uation of stress would then be: 

-40.0 X 00.0 ^- 50 X (00.0 4- 20.0) -h U^L^ X 70.8 = .*. U Jj^ = -22.6. 

As this is compression and greater than the dead-load stress, +9.76, 
a counter is rtK|uired in that panel. In order to get the stress in the 
counter, it must he inserted, L\L^ lx?ing left out, and the dead and 
live load stresses computed and their difference taken. Fig. ()5 gives 
the l(»ver arms, cent(T of moments, and the forces acting in this case. 
The dead-load stress is: 

-;M.4 X 00.0 f (11.47 f 5.73) (00 -f- 20) - L,U., X 02.5 = 

.-. /.,[■., - -11.02; 

and the live-load stress is: 

-40 X 00 -h 50 (GO -f- 20) - L,U., X 02.5 - .*. /.J', = +25.60, 

and the stress in the counter is the algi»hniic sum of these two, or 
-11.02 + 25.60= +14.58. 
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When a live panel load is at L^, LJJ^ is acting, as has just been 
proved. As this load at £, causes a negative shear in all panels to 
the right, this negative shear in the center panel will cause LJJ^ to 
act. A section may now be passed as shown in Fig. 60, and the stress 
equations for U^L^ written: 

For dead load, +34.4 - 11.47 - 2 X 5.73 - l/^L, = .'. U^^ - .1147 
For Uve load, +40.0 - 50.0 - UJj, = .". U^L^ 10.00 

Total = + 1.47 

This is evidently not a maximum for U^^f ^^^ when a full live load 
was on the span, the stress was +30.0 due to live load and +4.59 
due to dead load. 

It might be well to consider what effect is produced by loading 
L, and L^. The loading of L^ and L^ need not be considered, since 
it is evident that, as this causes the total shear in panel 2 to be positive 
and the total shear in panel 3 to be negative, therefore UJ^^ ^^^^ ^J^z 



- '♦tee 

- I2a30 
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Fig. 68. Stress Diagram of Half-Span of Parabolic Truss of Fig. 54. 

will act, and this causes a tensile stress in UJj^ equal to the vertical 

components of the dead and live load stresses in VJJ^ less the dead 

panel load at U^* With a live panel load at L^ and L^, the left reaction 

50 
is ^ (1 + 2) = +30.0. The section, the live-load forces, the cen- 
5 " 

ter of moments, and the members acting are shown in Fig. 67. The 

dead-load stress in U^^ ^^ ^ ^^^ same as when the truss has no 

live load on it. The stress equation for the live load is: 

-60 X 30 - (60 + 20 + 20) X L^U^ = .'. L.,U^ = -18.0. 
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The dead-load stress being +4.59, this 
stress of — 18.0 causes a reversal of stress 
in the vertical. For this reason the ver- 
ticals of bowstring trusses are, like web 
members of Warren trusses, built so as 
to take either tension or compression. 
The minimum stresses in the diagonab 
will be zero, for when one diagonal in a 
panel is acting, the other is not. 

The diagram of half of the truss in Fig. 
68 gives all the stresses. 

It is to be noted by the student, that 
in some cases one method for the deter- 
mination of stresses is preferable to others 
in that it saves labor of computation. 
The analysis of the truss of Fig. 68 illus- 
trates this fact. 

42. The Baltimore Truss. Baltimore 
trusses are of two classes — those in which 
the half-diagonals, called sidMliagonals, 
are in a)mprt^ssion, and those in which 
tlie sub-diagonals are in tension. The 
latter class is the one most usually built, 
as it is mort* ea)n()mical on account of 
iiiaiiy of its nienilxTs lx*ing in tension, in 
wliich case these menilKTs are cheaf)er 
aiul easier to build than if thev were com- 
pression memlK^s. Fig. 14 shows boili 
tyjR\s of truss. The Baltimore truss does 
not have a simple system of webbing, and 
toi that reason the analysis is here pre- 
sented. As the tension sub-diagonal tniss 
is tlie type in most eonnnon use, its analy- 
sis will he t^iven. 

Let it 1k' riMjuiRHl to compute the 
maximum stresses in the 14-panel 2S()- 
foot span of Fig. 09. The height is 40 
feet, the dead panel load 24 000 pounds. 
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and the live panel load 40 000 pounds. One-thinl of the dead 
panel load is applied at the upper ends of the long verticals and also 
of the half-verticals. These half-verticals are designated as sub- 
veriicals. Attention is called to the svsteni of notation used for the 
ends of the sub-verticals. The full lines in Fig. TiO n»prest»nt the 
main members, being stn*ssed by dead load only. The heavy lines 
indicate those members that take compression, the light lines those 
that take tension, and the broken lines the counter-hnices. In this, 
as in nearly all Baltimore trusses, the diagonals make an angle of 45 
degrees with the vertical. 

The dead and the positive live-load shears in the various paneb 
should be compu ted . They a re : 

Ds AD- Load V - I^ivl-Load V 

y, +156.00 \\ - U -4- ...i:n 1*1 -t-2()0.00 

r, +132.00 !%-(!+ . . ..!■-») |*J - 1-22:^.00 

y, +108.00 ^3 = (1 f- .... 1 1) 1*1 - ' lss.r)0 

V^ +84 00 \\ - (\ -*- ...10) J*| .157.20 

Vt +60 00 r, - (1 + .... 10 [*J ' i2s.r)0 

V^ + 36 00 v., - (1 + .... S} J*| : 102. M) 

r, J- 12.00 r. fi i . . 7- J*| •' Mi.oo 

It is only nect^ssary to determine tlif nc«^'jjtivi' live-load shear in 
panels 5 and 7, in onler to ascertain if tlien^ is a counter re(|uired. 
These shears are : 

-\\ = (10 + 11 -- 12 ■ \.\) I'l - I \ in js.Jio 

_V% = (8 + 9 + 10 i- 11 - 12 ' i.i) J'l II ■: 10 - lio.on 

From a comparison of these with the dead-load .'shears, it is seen 
(see Article 37) that a counter is re(|nire(l in panel 7 only. 

The dead-load stn's.ses an* first to he computed, llie stress in 
any sub-vertical is found by passing a circular sectiini an)uud its 
lower end, and ecpiating the sum of the vertical forces, a.ssuming 
in this, as in all eases, that the unknown >tnss aets away from the 
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one-half the panel had. This fact should be remembere<l, as it will 
be frequently used fu^the^on. 

In a similar manner, the stress in all the tension subnliagonals 
will be found to be the same, + 16.96, and 
the stress in the compression sub-diagonal 
tHjZj is —16.96. 

The stress in the member L^m^ and in 
the upper half of any main diagonal (i. 6., 
t>3, U,m^ and U,m,) is determined as in 
the diagonals of the Pratt or Howe truss, 
for the section passed cuts but one mem- 
ber, which has a vertical component. Take 
L^m^ (see Fig. 72). Then + 156.0 + L^m, 
cos 45° = 0, from which L^m^ = —220.5. For ?7i^2 ^^^ section is 
passed as in Fig. 73, and the equation of stress is -}- T, — U^rn^ cos 
45^ = 0, or +108.0- l\m., X 0.707 = 0, from which l\m^ = 
+ 152.9. 

In a similar manner, 

l\m3 = +60.0 -i- 0.707 « 4-84.84; 
t^,m, = -f 12.0 -h 0.707 - -f 16.96. 

The stresses in raJJ^^ ^2^2* ^^^ ^3^3 n^ay be determined by 




Fig. 72. Stress in Diagonal 
of Baltimore Truss. 
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Fig. 73. Stress in Upper Half of Main 
Diagonal of Baltimore Truss. 



Pig. 74. Stress In Diaf?onal of Baltimore 

Truss. 



resolving the forces about m^, m,, and m^; but a neater solution is to 
pass a vertical section cutting the member whose* stress is desired, 
and to equate to zero the shear and the vertical components of all 
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The chord stresses are easiest computed by considering the 
resolution of horizontal forces at the panel points. As the diagonals 
make an angle of 45° with the vertical, their horizontal and vertical 




Fig. 76. Calculating Stresses in Verticals of Baltimore Truss of Fig. 60. 

components are equal. For instance, the horizontal component of 

the members L^m^, U^m^, and Ujn^ are equal to the shear in that 

panel, which is their vertical component. At point L^ (sec Fig. 77), 

there results: 

+ LoAf , — horizontal com|X)nent of M^Lq == 0; or, 
H-LoM, - 156 = 
.\LqM^ = +156.0; 

and from Fig. 70 it is evident that L^M^ = M^L^, At point Lj (see 
Fig. 78), L^M^ is equal to M^L^, 
less the horizontal component of 
MJj^, and the equation is: 

-156 4-12-1- LjM, = 
. L,M, = + 144.0; and M^L^= + 144.0. 

At point 1/2 (see Fig. 79), L^M^ 
is ecjual to the sum of the horizon- 
tal components of MJj^ and mJL^\ 
that is, 

-f/vjA/, - 144.0 - 96.0 = 
.\LM^ = M3L3 = +240.0. 

In a similar manner, at point L3, the stress equation is: 

+ L3.U, - 240.0 - 48.0 = 

..L^M^ = M^L^ = +288.0. 

At the upper panel point U^ (see Fig. 80), there results the 

equation : 

-\-UJJ2 + hor. comp. U{m^ + hor. comp. w,C/, = 0; 
(7,C7, + 108.0 + 144 = 0; or, U.U^ = -252.0. 

For the member UJU^ (see Fig. 81), the equation is: 




M 



Fig. 77. Chord Stress in Baltimore Truss. 
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+ U^U^ 4- L^2^^3 — ^or. comp. m^U.^ + hor. comp. L^mj = 
+ 252.0 + U^U^ - 12 + 60 = 



.-. UM^ =■■ -300.0. 



In a similar manner, by resolving the horizontal forces at l\n it 
will \w seen that the action of mjL\ will neutralize* that of (/3m,, as 



M,* 




- — --M. 




— ^M 



L. / - '"2 La 

Fig. 78. Fig. TO. 

Hottoin Chord Stresses In Hultiiuore Truss. 

they are ecjual and jnill in opi^osite directions, and VjL\ is ecjual to 
ri\ = -.SOO.O. 

Th(* liv(»-l()a<l stR\sses in the ehonls, the end-post, and the siilv- 
dia^onals are all pn)j)ortional to the dead-load stresses in the same 





u 



Vi'A- W. Fig. 81. 

Toji Chord SiresM's in Haliiiiiorc Truss. 

ratio as the live })ancl load is to the d(*ad panel load. This nitio is 
= l.iliiT. Bv reference to Fiti:. 70, it will be seen that the live- 

load stress in the snb-vertieals is ! 40.0 for each one. The followinir 
stresses can now he determined: 



,'■, 



///, I 



J20..3 ■ \A\iu ;i()7.5 

'1{Y.\.(\ X l.r.07 - -.'i.'iO.o 

l\l', - 2.VJ.0 ..- l.()(>7 - -420.0 

rj\ :in().() V 1.007 = -oOO.O 

i\l\ - .'iOO.O V 1.007 -= -500.0 

/..,/., - -1 loO.O X 1.007 = {200.0 

/.,/., 4 in.O X 1.007 - 4 240.0 

/.,/., - f 240.0 X 1.007 == -f 405.0 

L3L4 =-- +288.0 X 1.607 - 4-481.0 
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m,L^ « - 16.96 X 1.667 = - 28.28 
mM^ = mjlT, = +16.96 X 1.667 «= +28.28 

The vertical U^L^ will have its maximum live-load stress when 
points J/j and L^ are loaded, for these are the only loads which cause 
a stn^ss in that member (see Fig. 76a), The equation is: 

40 
. - ^ - 40 + C/jLi = 0, 

from which, 
l\L, - +60.0. 
The maximum 
live-load stresses 
in t'jmj, U^m^, and 
i\tn^ are obtained 
in a manner exact- 
Iv like that used 
in obtaining dead- 
load stress, only 
the liverload posi- ^ ^^^ 

tive shear is USeil. FIr. 82. stress in Lower Half of Main Diagonal of Baltimore 

1 he stresses are : 




-L^m, X 0.707 + 188.5 - 
-i',rn^ X 0.707 + 128.5 = 
-U]m^ X 0.707 + 80.0 = 



l\m._ - +266 5 
l.\m. ■— + 181 5 



. . Cjn^ - f 113.1 

In the determination of the maximum live-load stress in the 

lower halves of the main diagonals, mJL^, fnjj^y and mjj^, one of the 

peculiarities of this truss becomes apparent. A section Ix^ing passed 

as in Fig. 82, the panel point ahead of the section, and all between 

the section and the right support, must be loadeil. This of course 

produces a stress in m^U^, and the vertical component of this enters 

the stress equation. The shear in the section a — a under this load- 

intj is: 

Va.. = +188.5 - 40 - +148.5; 

and the stress equation is: 

40 
-mj.^ X 0.707 + -.' + 148.5 - 

,'. mj.^ = +238.0. 

If the truss had been loaded from the section to the right, there being 
no load on M^ no stress would result in mjU^i and the stress in w^L, 



m 
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would have been m^L, 



157.2 
0.707 



+222.2. In a similar numncr, 



by loading successively points M, and to the rig^t, and If^ and to 
the right, the stress equations of n^L, and imJL^ are: 



-mj.t X 0.707 +^ + 128.5 -40-0 
-mjj^ X 707 + ^ + 80.0 -40-0 



.'.mJL^ - +153.3 
•'. fn^Li^ ^ -|- 84.8 




The maximum live-load stresses in the main verticals occur when 
the panel points to the right of the section which cuts the member 

under consideiir 
tion are loaded. 
Tliere being dd 
load at the end of 
the sub*vertutl 
just to the left of 
the section, there 
will be no stress 
in the sub-dias* 

Pig. 83. Stress 111 Main Vertical Of Baltimore Truaa. ^ ot»fcr-««6 

onal which the sec- 
tion (Ills. 'V\\v (lion Is, of course, do not exert a vertical com- 
IK)iient; and so the only unknown term of the stress e(]uation is the 
stn*ss in the* ineniher itself. Fig. 83 shows how the section should 
Ih.» passed when l.J^2 ^^ eonsidered. The stress equation is: 
+ r,/., } r.,_. 0: ^ r,L., 4 128.5 - O; .;. L\L., = -128.5. 

In a simihir manner, l»y j)assing a section cutting VJJ^y mjDp 
l\L^, ^^-i'",. *^»^<l loading M ^ and to the right, it is si*en that the stress 
equation for I J^.^ is: 

+ ('.,/.., H SO.O - .*. V.J.^ = -80.0 

The eonij)onents of m^V.^ and L^m ^ ww zero, as can readily Ik? proved 
by solving for them under this loading. 

Fig. 84 gives all the stiwsses, and they art* written in order of 
dead load, live load, and maximum. 

43. Other Trusses. I'he analysis of the fort*going trusses will 
enable one to solve anv of the trusses of modern times. For the 
solution of the Whipple (sometimes called the **double-intersection 
Pratt") and others which are not mentioned in this text, the student 
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IS referred to the text- 
books of F. E. Tur- 
neaure and Mans- 
field Merriman. 

ENGINE LOADS 

44. Use of En- 
gine Loads. It was 

formeriy the custom 
for railroads to spec- 
ify that the engine to 
l)e used in computing 
the stresses in their 
bridges should be one 
of their own which 
was in actual use. 
The engines of differ- 
ent roads were usual- 
ly different both in 
regard to the weight 
on the various wheels 
and in regard <to the 
number and spacing 
of the wheels. Of 
late years, consider- 
able progress has 
been made towards 
the adoption of a 
typical engine load- 
ing as standanl. 
These typical engines 
(see Fig. 17, Article 
25) vary only in re- 
gard to the weights 
on the wheels, the 
number and spacing 
of wheels being the 
same in all engines. 
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The distance between wheels is an 
even number of feet, instead of an odd 
number of feet and inches and frac- 
tions thereof. For examples of load- 
ings which are in almost universal use, 
consult the specifications of Cooper or 
AVaddeli. 

The labor of computation of stresses 
when cn^nc loads are used is consid- 
er,il)ly lessened by the use of the so- 
called engine diagrams. Fig. 85 gives 
a diagram which has been found very 
convenient. The first line at the top 
represents the bending moment of all 
the loads al»out the point to the right 
of it. All the loads are given in thou- 
sands of pounds, and all the moments 
are in thousands of pound-feet. Tlic 
practice of writing results in thousands 
of pounds — or, in case of moments, in 
thousands of |)ound-f(Tt or |K>und- 
inches — is to l>e recommended, a.s it 
saves the unnecessary labor of writing 
ei[)hers. niroughout this text this 
practice has been extensively foUowiMl, 
the stresses lieing written to the near- 
est ten pounds or one-hundred pounds 
as tlic case may be. For example, 
(i-Vm may be written 0.43 or 6.4, the 
few jKiunils which are neglected mik- 
ing no appreciable difference in the 
design. Thcdistanwsare in feet. 

As ane.\araple of tiie use of the first 
ine at the top, sup[x)se that it is de- 
siretl to find the moment of all the 
loads to the left of a certain point 
when wheel 6 (the immbers of the 
wheels are placed inside of the circles 
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representing the wheeb) is just over the point. The moment will 
be 1 640 000 pouncj-feet, which is obtained by reading oflF the 1 640 
just to the ri^t of the line throu^ wheel 6. 

When using the first line for values at sections in the uniform 
load, the values given represent the moment of all wheel and uniform 
loads about the points in the line or section to the left of the value 
given. For example, if it is desired to find the moment about a 
point in line 2, it will be 19 304 000 pound-feet, the value 19 304 
appearing to the right of the line. 

The line of figures below the wheels indicates the distances 
between any two wheels. 

The third line of figures indicates the distance from the first 
wheel to the wheel to the right. For instance, 37 is the distance from 
wheel 1 to wheel 7. 

The values in the fourth line indicate the sum total of all the 
loads to the left of the value given. For example, 245 signifies that 
the loads 1 to 15 inclusive weigh 245 000 pounds. 

The values in lines 5 and 6 are similar to those of lines 3 and 4, 
except that the starting point is at the head of the uniform load. 
For example, 40 in line 5, and 112 in Une 6, indicate that it is 40 feet 
from the head of the uniform load to the wheel 12, and that wheels 
18 to 13 inclusive weigh 112 000 pounds. 

The values in lines 7 to 16 indicate the value of the moment of 
all the wheels from the zigzag line up to and including the one to the 
left or the right, according as the value is to the left or the right of 
the zigzag line. For example, 2 745, line 11, indicates that the 
moments of wheels 8 to 14 inclusive about the zigzag line just under 
wheel 15, is 2 745 000 pound-feet; or the value 1 704, line 14, shows 
that the moments of wheels 13 to 18 about the zigzag line just under 
wheel 12 is 1 704 000 pound-feet. 

When line 4 of figures is under the uniform load, the values refer 
to the vertical line to the right; thus 324 is the value of all loads to 
the left of line 3 about that line. 

For values of moments at points which fall in between wheels, 
or at positions in the uniform load where the value of the moment 
is not given, a very important principle of applied mechanics is used. 
It is: 

A/. = M' + Wx -\- ^^, 
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in which, 
W 



s — 



Moment at aeetion dmutd; 

Value of moment at preeeding vertieal line; 

Sum total of all loada to the left of and at the point 

IB taken; 
Distance from eeetion under conaideration to Tertieal 

which M' is referred; 
Uniform load on the distance x. 



liet it be desired, for examidey to detennine the niMiieiit at a 

point Cf 3 feet to theiig^t of vfaed 
13. Tlie poatikm of the loadsh 
givoa in Fig. 86. Hie momeDt h: 

M^ - 7 668 + 212 X 3 

- 7668 + 636 

- 8 304 - 8 304 000 pouad- 
feet, there being no mi- 
form load. 

To illustrate the method ufaea 
applied to points in the anifiMm 
load, assume the pomt to be 7fBet 
to the right of line 2. The po- 
sition is illustrated in Fig. 87. The 
moment is: 




I'k n» \\iK-ul;iiitU\ of Momoni at a Point 



.Vb b - 19 ;i04 + 304 X 7 + — ^. 

21 481 = 21 481 000 pound-feet. 

The \ist^ of tho inoniont diagram is now apparent. Reactions 
\\\u* to anv iHKsitioii of tho ciigiiios may be determined by dividing the 
>|vm inio ilu' m\\\\v obtaiiuHl for the moment at the right end of the 
>|»<m. Likewise, if the moment of the reaction about any panel point 
is deteriniiunl ami fixun it the moment of the wheel loads about that 
N^uue |mnel |H»int aiv snbtnieted, then the result, divided by the 
heiglit of tlu* truss, will give the ehonl stress. For example, if the 
right end t>f an S-|>jniel llUnfoot span truss, height 25 feet, came 7 
fivt to the right of the vertical line 2, then the moment at this point 
(stH» Fig. S7) would Ih» 21 4S1 (KK), and the reaction would be 
21 4S1 (XK) -^ 100 - UMXKX). This jx)sition of the loads would 
cause the panel point L^ to come 3 feet to the right of wheel 13. The 
moment of the reaction about L^ is 109 600 X 6 X 24.5 = 16 111 200; 
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and the chord stress UJL^ for this position of the engine is: 

16111200-8 304 000 



25 



= -312 000 pounds. 



In using the engine to determine the shear in any particular 
panel, it must be remembered that the shear is not the left reaction, 
less all the loads to the left of the panel point on the right of the 
section, as the loads in the panel under consideration are carried on 
stringers, and these stringers transfer a portion of the loads to the 
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Fig. 87. Calculation of Moment at Point under Uniform Load. 

panel point on the left of the panel, and a portion to the panel point 
on the right of the panel. Only that portion of the loads in the panel 
which is transferred to the left panel point should be subtracted from 
the reaction, as should all of the loads to the left of the panel under 
consideration. If, in a 6-panel 120-foot span Pratt truss, the wheel 
6 comes at L^, the left reaction will be : 

Rx = ~ (l6 364 f 3 X 284 + — ^^^^^ = 143.6; 

and the loads in the first two panels will be in position as indicated 
by Fig. 88, the wheel 3 being 1 foot to the right of point L,. Let it 
be required to determine the shear in the panel LJ^^ when the loads 
are in this position. It will be the reaction 143.6 minus loads 1 and 
2 and also that portion of the loads 3, 4, and 5 which will be trans- 
ferred by the stringers to the point Lj. As the stringers are simple 
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bewDS, the amount tnosfeired to £,1)31 
be the reoctioii of the stringer L^ Be 
felling to Fig. 89, the reaction b: 
«i, - (» X 9 + 20 X U + 20 X 19) -i- M 
- 42.0 
lie shear in the second pand ia no* 
found to be: 

r, - 143.6 - (10 + 20 + 42J)> - +71J( 
In the majority of cases whoe it v 
necessary to determine the shear in ■ 
panel, none of the loads will be in die 
panel to the left of the one under consid- 
eration. In this case the operation is 
somewhat simplified, as the engine dia- 
gram can be used directly. If the engine 
)x< placed so that the third wheel is at 
/.,, wheel 16 will be just over the right 
support, and the left reaction will be: 
P, = 12 041 -i- 120 - 100.3. 

A.S llii-re are no whwl loads in the first panel, the amount to be sul>- 
tractc<l fn>m the n<artion will he that proportion of the loads 1 and 2 
which is Iransforn'*! lo L,; and this (see Fig. 90) is 230 h- 20 = 11.5. 
Tlie shear in tho second panel is then 100.3 - 11.5 = +88X 

From insjx^tion of the resulting shear in the second panel when 
wheel is at L, and when wheel 3 is at L,, it is seen that different 
wheels at L^ will give differi'nt shears in the panel to the left. Evi- 
dently there is some wheel whicli will give the greatest shear possible. 
Tlic same is true of the relation between wheels and moments- The 
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next two articles are devoted to subject-matter which will enable one 
to tell which of several wheels is the correct wheel at the point, without 
the necessity of solving for the shear each time every wheel is at the 
point. 

45. Position of Wheel Loads for Maximum Shear. By methods 
of differential calculus, it can be proved that, for any system, either 
of wheel loads or wheel loads followed by a uniform load (see Fig. 91), 
ihe correct wheel that should be at the panel point b in order to 




10 a3 

^ — 



6 ateo'-ieo' 



Fig. 90. Determination of Shear in Panel under Engine Load. 

give a very great or maximum shear in the panel a — h, is such a 

jr . . . jv 

wheel that the quantity Q = - — G is positive when q =^ — — 



m 



m 



{G -h P) is negative. In these equations, 



W = Total load on the truss; 

?/i = Number of panels in the truss; 

G = Load in panel under consideration; and 

P = Load at panel points on right of panel. 

If a load is directly over the panel point a, it is not to be included in 
the weight G; neither is P included in the weight G. If a wheel load 
should come directly over the right end of the truss, it should not be 
considered in the quantity W, 

'^The only way to determine which wheel is the correct one, is 
to trv wheel 1, then wheel 2, and so on, until the wheel or wheels are 
reached that will give the Q and q signs of an opposite character. 
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The process should not l^ stopped there, but the next succeeding 
wheels should be tried until Q and q again have the same sign. 

As an example, let it be recjuired to determine the position of the 
wheel loads to produce the maximum positive shears in a G-panel 
120-foot Pratt tniss. This work should hv arranged in tabular form, 
and Table V is found to be convenient. 

TABLE V 

Determination of Position of Wheel Loads for Maximum Shear 

(w = 6) 



Panel 
Point 


Wheki. 

AT 

Point 


G 


m 


/' 


G + P 


Q 


Q 


Rlmark.s 


/^i 


2 


10 


284 


- 47.33 


20 


30 


+ 


+ 




/^. 


3 


30 


292 



= 48.G7 


20 


50 


+ 


— 


gives a maximum 


L> 


4 


50 


302 
6 ' 


= 50.03 


20 


70 


+ 




gives a maximum 


L, 


5 
2 


CO 
10 


302 
() 

232 



= 50.03 
- 3S.f)7 


20 
20 


100 
30 


_ 

+ 


+ 




i.. 




i.- 


' 3 • 


30 


245 


= 40.83 


20 


50 


+ 




gives a maximum 


L, 


I 

4 

1 


50 



258 


152 


- 43.00 


20 

i 

' 10 


70 


-f 


-\- 




L. 


1 1 


- 25.(57 


10 




L. 


2 

i 


10 


172 


= 28.r)7 


1 
20 


30 


4- 


— 


gives a maximum 


I^. 


1 


30 


lirj 
() 


- 34.0 


' 20 


50 


^ 


— 


gives a maximum 


L, 


4 

1 


,50 
1 


2 12 

110 
(3 


- 37.0 

- 19.33 


20 
10 


70 
10 


1 






/-■ 


■ 


/-. 


i 2 


; 10 


12<» 


- 21.50 


20 


30 


4- 


- 


i 

gives a maximum 


/-, 


I 


30 

1 




1 " 
112 

(i 
70 


- 23. ()7 

- 11. (i7 


20 
10 


50 
10 


U 


1 




/-. 




/.,•, 


2 


10 

1 




15.00 


20 


; '^^ 


-1- 

1 


1 


1 

give.s a maximum 


L: 


i 


30 


103 
1 


--= 17.17 


20 

1 


1 

50 

1 


1 


1 


1 



00 



„'*• '*» 
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A study of Table V shows the fact 
that wheel 1 can never produce a maxi- 
mum. It also shows that there arc in 
some cases two positions which will give 
large values of the moment. In these 
cases the shears for each position of the 
engines must be determined in order to 
tell which wheel at the panel point in 
reality gives the greatest. In practical 
work it is customary to use the first 
position found, as the difference in the 
shears resulting from the use of the two 
positions is not large enough to affect the 
final design. 

Fig. 92 shows the en^ne diagram 
on the truss in the correct position to 
give the maximum shear in the second 
panel. The weight of wheel 16 is not 
included in the weight IF, as it is directly 
over the rig^t support. 

46. Position of Wheel Loads for 
Maximum Moments. In this case the 
methods of differential calculus are em- 
ployed to determine which wheels will, if 
placed at a point, give a maximum mo- 
ment at that point. For any system, 
either of wheel loads or of wheel loads 
followed by a uniform load, that wheel 
Il'n 



which will cause K = — L to be positiv. 




(L + P) to be negative, is the wheel. Here « is the number of the 
panel under consideration, and is to be reckoned from the left 
end; L = the load to the loft of the point an<lcr consideration; 
and the remainder of the letters signify the same as they do in 
Article 4,5. In some cases there will be more than one position 
of the loads which will satisfy the above condition. It is then 
necessary to work out the actual moments cR-ated by tlic loads 
in each position, in order to find out which is tEie largest. The 
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position of tlic lotuls 
for the greatest mo- 
ments should be ^l^ 
tennined for all paw^ 
points except tlie one 
on the extreme rijjit, 
as thegreatestmomeM 
possible may I X.- caused 
by wheels of the war 
engine being on the 
point on the riglit- 
hand side of the tniss, 
instead of the wheels 
of the front cn^e he- 
ing at the correspond- 
ing point on the left- 
hand side. 

In general, it may 
be said that tliere will 
be a number of vheela 
which, if placed at the 
panel point in the cen- 
ter of the span, will 
satisfy the given con- 
ditions. In this pai>- 
ticular case, it is not 
necessarj- to determine 
all of the moments. 
The greatest moment 
possible wiU occur 
when that one of the 
heaviest wheels of the 
second locomotive 
which gives the heav- 
iest load upon the 
truss is at the point. 
In case several of the 
heavy wheels give the 
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same maximum load W, use the first wheel which gives this max- 
imum W. 

Let it be required to determine the position of the wheel loads 
for maximum moments at the lower panel points of the 6-panel 120- 
foot Pratt truss of Article 45. The necessary work can Ix- con- 
veniently arranged in the form of a table, as is done in Table VI. 
TABLE VI 
DetermliutlCM ot Posltioa ot Wheel Loads for Maximum Moments 



POIKT 


Wbkel 

POIST 


L 


ff- 


P 


t + i- 


Jt 


* 


Reharii 


L, 


2 


10 


284 -f 6 = 47.3 


20 


30 


+ 








3 


■M 


292 -i- 6 - 48.7 


■H 


SO 


-1- 






L, 


4 


« 


302 -^ 6 - 50.3 


■n 


70 






i-, 


6 


60 


302 ^ 6 = 50.3 


20 
?0 


80 


+ 


- 


wheel lis off bridge 


r-. 


5 


70 


(271-i-6>x2= 90-3 


90 




I'r 


6 


W 


(290 + 6)X2= 96.T 


!:■ 


103 


+ 






i. 


' 


103 


(300-^-6)X2=100.0 


13 
13 


ill) 


- 


- 




^, 


8 


lift 


(271^6)X3 = I35.5 


129 


_l. 






i^ 


9 


I2t 


(284 + 6) X3-U2.( 


i: 


142 


+ 




gives a maximum 


/- 


10 


14V 


(298-!-6)x3-149.t 


If 


152 






givM a maximum 


f; 


n 


142 


(304-:-6)X3-131.a 


2( 


162 


+ 




gives a maximum 


< 


12 


142 


(294-i-6)x3-U7.C 


21 


162 


+ 






''. 


13 


142 


(284 + 6)x3=142.C 


•/.( 


102 


II 






l] 


14 


142 


(274 + 0)x3=137.0 


20 


162 


- 


- 




I, 


11 


152 


(271-^6)X4 = 180.6 


20 


162 


+ 


+ 


Xotewh«n8m.l 
included. 


i-. 


12 


1/2 


{284 + 6)X4 = 189.4 


:•(■ 


192 


+ 




Kives a maximum 


I'. 


13 


W/ 


(294 + 6)X4 = 196.C 


2(; 


212 








I, 


14 


212 


(304^0^X4 = 202.0 


20 


232 


- 


- 





One should carefully note that in certain positions, as when 
wheels 11, 12, 13, and 14 are at i,, some wheels are to the left of tlie 
teft support; that is, they are not upon the bridge. In all such cases 
they are counted neither in the quantity L nor in W. 

In the case of L„ wheel 11, being the first large driver of the 
second engine, will give the greatest moment, as it is the first driver 
to come at the point when the maximum load of 304 000 poimds is on 
the truss. Fig. 93 shows the engine diagram on the truss in correct 
position to give the maximum moment at poin't L,. 

47. Pratt Truss under Engine Loads. In order to exemplify 
the use of the engine-load diagram, let it !«? required to determine the 
stresses in the Fmtt truss of Article 45 due to E 40 loading, the 
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hdj^t beiiig 25 feet Tk 
secant is (25* + 20'J*-!-S> 

llw "'*^"""« pogitife 
shears in the various pudi 
ahould first be axnpatod. 
These, written in revene » 
der, will be the m^^yim^ 
ne^tive or mmiminw Joesa. 
Tabh V should now be n- 
fared to, and an outline d^ 
giam drawn to the suae scale 
as the engine uaed, on iriiki 
to [dace the engine diagnm m 
the correct position. The mi- 
ous values can then be ittd 
off the diagram at the right- 
hand end of the truss. It will 
be found coovenient to by cA 
to scale the first ten bet of 
the lower chord of the tnus 
from the right support, mak- 
ing the divbions one foot apert. 
This will enable one to ascer- 
tain the distance of the last 
wheel load from the rig^t sup- 
port, or the amount of uni- 
form load upon the bridge, 
without scaling or further com- 
putation. In case it is desired 
to have the wheel leads appear 
on the lower chord, as in Fig- 
93, the outline of the truss 
should be on tracing cloth or 
transparent paper. This is not 
to be advised, however, as ei> 
rors are likely to occur became 
of failure to distinguish cleariy 
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the various numerical values. It is far better to place the diagram 
as in Fig. 92, in which case the outline of both the truss and the dia- 
gram can be drawn on good stiff paper. 

For wheel 3 at point L^ (see Articles 44 and 45), the left reaction 
is as follows, there being four feet of uniform load upon the truss: 

Ri ^ ( 16 364 + 284 X 4 -f ^' ^ ^'^ ) -h 120 - 146.0; 

and the proportion of loads in the panel which is transferred to 
the point L^ by the stringers is 230 -r- 20 = 11.5. The shear is 
therefore V^ = +146.0 - 11.5 = +134.5. The computation for 
the shear when wheel 4 is at the point, will not be made; for, as has 
been noted before, the result will not be much different from the 
above. 

For wheel 3 at L,, wheel 16 comes over the right support. The 
left reaction is: 

Ri = 12 041 -^ 120=100.3; 

the proportional part of the loads which is transferred to L, is 11.5; 
and the shear is: 

V, « ( + 100.3 - 11.5) = +88.8. 

For wheel 2 at L,, wheel 1 1 comes four feet from the right sup- 
port. The left reaction is: 

Ri = (5 848 + 172 X 4) -j- 120 = 54.5. 

That part of wheel 1 which is transferred to L, is 80 +■ 20 = 4.0, 
and the shear is therefore: 

F3 = ( + 54.5 - 4) = +50.5. 

For wheel 2 at L^, wheel 9 comes over the right support. The 
left reaction is: 

/El = 3 496 ^ 120 = 29.1. 

That part of wheel 1 which is transferred to Lg is 4.0, and the shear 
is therefore: 

V, = ( + 29.1 - 4.0) = +25.1. 

For wheel 2 at Lj, wheel 5 is five feet from the right support, 
and the left reaction is: 

Ri = (830 + 90 X 5) 4- 120 = 10.7 

and the shear is: 

V, - (+10.7 - 4.0) = +6.7. 



If the dvatl (wnv) load is 20 000 pountla, all the shears may tm 
hv «~nttra as follows: 



V, - > MM 


+ I34.5 


* OX) 


r,- -f MMi 


+ 8S.S 


- 6.7 


V, - - IftO 


+ M.S 


-25.1 


V. — too 


+ 25.1 


-60-5 


r, — mjo 


+ 0.7 


-88.8 


r. — 30.0 


t 0.0 


-134.£ 



A vfunpniison of ihr shears in the tliinl uitil fourth panels sliows 
thkl rounlcrs arc rw|uiRtl. Tbc stress tn Uiese counters is: 
VfL, - VJ^ - +1.36 X (25.1 - 10-0) - +lfl.2 

As it is kncrarn that positive shears cause a compressive stre» 
in /•,(', and tetisitc stresses in the diagonals, and that negBlIve 
shnrn pmluec eonipres.'ave strE-fise^ in the interme<liatc posts, tlic 
left half of the bridf^ bein); considered, the web stresses for dead und 
live low) (»n be detemiine<t without in all cases writing the slrts 
c<)U«t)ims in einW'T to determine the sign. If should be rcmembciwi 
tliRt one-third of the ilead panel load, or 6 700 pounds, is applied ■! 
tbe pAiM-l points of the top ehonl. 

Dttd-Lood Stnttea m the DiagontUa — 

t,(*, - -I.2S X 50 = -64.0 
V,L, - -1.2S X 30 = +38.4 
tJ., - +I.2S X 10 - +12.8 

Dead-lx>ad Slrrases in the Verticals. For U^j, the section 
fMsseyl will cot l\t\, I'J^, »nd A^j. and the shear on this seclion 
will U- ,'^l - ■.' X i:J.:i - 6.7 = +1»>.7. The stress e<iuatiun is 
+ Hi.r + (■/., = 0, fmm which U^ = -16.7. 

'Hie dead-load stn-ss in l\L^ is found by passing a circular sec- 
tion around (',. Then — CjLj — 6.7 = 0, from which U^, = ~^'' 
In n siiniiiir manner, by passing a section around //„ the stress is 
foimd to Im" + VAX 

LitY-lMOtt Stnusef m the Diagonals — 

L„(', l.Jx-i X i:t4.5 172.2 

r,/., - +1.2SX tW.S - +113,6 -1.28X6.7- -8.6 

I',t, " +1.2S X 50.5 - + 64.7 

Live-Load Streaars m the Verlicah. The maximum stress in 
V.L^ occurs when one of the lai^ drivers is at />,, and the loads m 
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the first panel are as near as possible one-half the sum of the loads 
in panels 1 and 2 and the load at £,. This can be established as a 
fact by use of the differential calculus. In the present case, this con- 
dition is satisfied when wheel 4 is at L,. Then the weight of the 
wheels in panel 1 is 50 000 pounds.and the sum total is 116 000 pounds. 
If wheel 13 be placed at L,, the result nill be the same, and then the 
engine diagram can be used. Fig. 94 represents the engine diagram 
in place, ready to use. According 
to Article 44, the value 480 is the 
moment of wheels 10 to 12 about 
L,. Therefore 480 -^ 20 (20 is 
the panel length) = 24.00, is that 
amount of wheels 10 to 12 which 
is transferred to L,. In like 
manner, 529 -r- 20 = 26.45 is the 
amount of wheeb 14 to 16 trans- 
ferred to Z,j. As the total weight 
of the toads in the two paneb is 
1 16 000 pounds, the amount 
transferred to L^ must be 116.0 
- {24.00 + 26.45) = 65.55, and 
the stress in V^L^ is therefore 
+ 65.55. 

Ilie maximum live-load stress 
in L^j occurs when the loading 
is in a position to give the maxi- 
mum shear in the third panel, as 
the shear at a section cutting UiU^, (7^j, and L^, is the same as 
that at avertical section in the panel. The stressequation is +t'jL, 
+ 50.5 = 0, from which (7^, = — r>0.5. In a similur manner, the 
stress equation for the maximum live-load stress in (7^, is + U^^ 
+ 25.1 = 0, as VJJ^ is working, and therefore C'jL, = —25,1. As in 
the case of the analysis of the Pratt truss under uniform load (see 
Article 39), the dead-load stress of —6.7 cannot be added to this 
stress of —25.1 to obtain the maximum; but the dead-load stress in 
U^, must be obtained when diagonals t/^, and (7^, are in action. 
In the manner explained in Article 39, this is found to be +3.30. 

It will be found that as the engines come on the bridge from the 
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left, the counters come into action in the case of U^2* ^^^^ ^^ *^^ 
case of f/jLj, both U^L^ and LJJ^ act, thus causing the live-load stress 
in these verticals to be zero; and when this is the case, the dead-load 
stress is — 6.7, which is the minimum. 

Dead-Load Chord Stresses. The dead-load chord stresses can 
be found by any of the methods previously given; but they will be 
found by the tangent method as indicated below, the tangent being 
20 -^ 25 = 0.8: 

LoL^ = +0.8 X 50 = +40.0 - L^L^ 

U,U^ (50 + 30) X 0.8 « -64.0 

^\U^ = -(50 + 30 + 10) X 0.8 72.0 

L^L^ U,L\ = -(-G4.0) = +G4.0 

Live-Load Chord Stresses, On account of the wheel loading, nc 
ratio can be established between these stresses and the dead-load 
chord stresses. The maximum moments at each point must be 
determined, and these divided by the height of the truss will give the 
chord stresses. For all points to the left of the center of the bridge, 
the main diagonal ^nll act. For points to the right of the center, an 
uncertainty exists. The shear in the panels on either side of the 
point under consideration should be determined when the loading is 
in position to give the maximum moment at that point. This will 
indicate which diagonals act, which fact will indicate for what chord 
memlKT that {x>int is the center of moments. 

When wheel 3 is at Lj, four feet of uniform load are on the truss, 
and the left reaction is: 

lii ■■■ (l(> 3(>4 \- 384 X 4 + ■* ^ ") -- 120 = 146.0. 

.The moment of this reaction al)out Lp less the moment of wheels 1 
and 2 about Lj, will Ik* the moment at L, due to this loading. The 
moment of wheels 1 and 2 about />, is taken from the diagram, where 
it occurs in the first line of values just to the right of the vertical line 
through wheel 3, and then^fort*: 

.U, - 140.0 X 20 - 230 --- 2 690 000 pound-feet. 
Wien wheel 4 is at Lj, then* art* nine feet of uniform load on 
the truss, and the left n*action is: 

h\ - (10 304 + 2S4 X + * ^^-''^) -: 120 = 15x0; 

and in this case, 

3/, = 15.S.0 X 20 - 4S0 = .2 6S0 000 pound-feet. 
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As this is less than when wheel 3 is at the point, wheel 3 gives the 
greatest moment. 

When considering the point L, with wheel 6, the left reaction is: 

Rx - (16 364 + 284 X 3 + ?^-^) -«- 120 - 143.6 

Afj - 143.5 X 2 X 20 - 1 640 
«- 4 100 000 pound-feet. 

The conditions at L, indicate that there are several wheeb which 
give large moments; but according to Article 46, wheel 11 gives the 
maximum moment. When this wheel is at L„ wheel 1 is off the 

truss, and 15 feet of uniform load are on the truss. The moment of 

52 y 2 
aU the loads about the right suppoH is 19 304 + 304 X 5 + — —- 

= 20 849, from which should be subtracted the moment of wheel 1 
about the right support. This moment of wheel 1 is 10 X 124 = 
1 240, and the moment about L^ of all loads on the truss is 20 849 
- 1 240 - 19 609. The left reaction is: 

-Ri - 19 609 -^ 120 = 163.4 
Af, - 163.4 X 3 X 20 - (5 848 - 10 X 64) 
- 4 596 000 pound-feet. 

In the case of L^, the reactions and the moments for the two 
positions are: 

For wheel 12, Ri = 16 364 ^ 120= 136.4 

M^ = 136.4 X 4 X 20 - 6 708 
= 4 204 000 pound-feet. 

For wheel 13, Ri = (16 364 + 5 X 284 + ^-y^) ^ 120 = 148.4 

M^ = 148.4 X 4 X 20 - 7 668 
= 4 204 000 pound-feet, 

which shows that each wheel gives the same moment, and also that 
the moment is greater than that at L^, the corresponding point on the 
left-hand side of the center of the truss. As L, is the center of 
moments of t/jt/,* then, if the center of moments for UJJ^ falls at 
L^ (that is, if LJJ^ acts), the stress in UJJ^ will be greater than the 
stress in U^U^ when wheel 6 is at L,. Of course, if the engine came 
on the truss from the left, UJJ^ would receive the same stress that 
UJJ^ now receives. According to the shears, LJJ^ always acts, and 
therefore the center of moments for UJJ^ does fall at L^. 
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Tbc various momimls nrv writtwj 
in order, bs such actinn will (acili- 
tate the remainder of the wuiiwu- 
tioDs. 

M, = 2 690 

■ .1/, = 4 101) 

.\t, = i 5»6 

.1/. = -1 20^ 

nie chord stresses an- now [huoiI 

2 090 



i^ 






■ 107.S 



- - - lew 



4 396 



25 

L,- - tr.L,- -(-164.2) -+IM.1 
/.<- -V.(/. - -(-168.2) -+I6M 

hen the load comes on from the 

"t, the stresses in t^/', and L^L, 
will be — 168,2 and + 168.2 respec- 
tively, which are the maximum Uve- 
load stresses for tliese memViers. 

Instead of platting the values of 
the stresses on a truss outline, they 
are sometimes put in tabular form, 
as in Tabic VII. 

4S. Impact Stresses. \Mien an 
engine is at rest on a bridge, the 
stresses in the members are the 
same as those computinl for thul 
loading. When the loads move 
across the bridge at any speed, the 
vibrations and the shocks produced 
by the counterweights in the drivers 
and by other causes create stresses 
in the various members in excess 
of those cr»mputed by aid of the 
engine diagram. The excess si 
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are designated as impact stresses. This term, however, is mislead- 
ing to a certain extent, as causes other than the impact or pounding 
of the engine wheels help to produce the stresses referred to. 

It is a well-known fact capable of mathematical demonstration, 
that a load, if suddenly applied, will produce a stress equal to twice 
that which it will produce as a static load; also, that as the ratio of 
the weight of the load to the weigjit of the structure increases, the 
vibrations produced by the impact will be less. These two facts are 
the basis of most of the empirical formulae for impact stresses; and 
empirical formulse are used to obtain these stresses, as the existing 
conditions and producing causes are not such as to make them sus- 
ceptible of mathematical treatment. The result of experiments 
on actual bridges under the effect of passing engines and trains, have 
been the basis of many formulae. One of these is: 

where / *= Impact stress in the member; 

S =» Live-load stress in the member caused by the engine 

load when at rest; 
L = Length of that part of the bridge which is loaded when 
the stress S is produced; and 
300 = A constant value derived from experiments. 

This formula was proposed by C. C. Schneider in 1887, and is 
given in the ''Transactions" of the American Society of Civil En- 
gineers, Vol. 34, page 331. While it does not take into considera- 
tion the relative weights of the bridge and the live-load loads, this 
formula does make allowance for the time it takes to produce the 
stress, by introducing L, the distance over which the engine passes 
before causing the stress S. It is seen that the smaller the distance L, 
the greater will be the impact stress for any given value of §. When 
L becomes exceedingly small, the effect would l>e that of a suddenly 
applied load, and the impact stress would equal the stress S. Table 

300 
VIII gives the values of ^ ^^. , which is called the impact co- 
efficient, for different values of L. Values not given may be inter- 
polated. 

For example, by consulting Fig. 92, which gives the position of 
the engines for the maximum live-load stress in U^L^, it is seen that 
93 feet (the distance from wheel 1 to the right support) is the loaded 
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ITABLE VIII 
Values of the Impact Coefficient 



L 


300 

L + 300 


L 


aoo 


L 


_-299- 


L 


L + 300 


^ i rflob 


5 
6 


0.984 

0-980 
0.977 
0.974 
0.971 
0.'J68 


31 
32 
33 
34 
35 

37 
38 
39 
40 

41 
42 
43 
44 

45 
46 
47 
48 
49 
50 


0.906 
0-904 
0,901 

o.sys 

0.896 
0.893 
0.890 
0.888 
0.8S5 
0.882 


57 
58 

sa 

CO 


0,840 
0,838 
0.836 
0.S33 


83 
84 
85 
86 
87 
88 
89 
90 


0.783 
0.781 
0.779 
0.777 
775 
0,773 
0.771 
0,769 


146 
150 


0,674 
0.667 




155 
160 

165 
170 
175 
180 
185 
190 
195 
200 




10 


61 

62 
63 
64 
05 
66 
67 
68 
69 
70 

71 

i^ 

74 
75 

76 
77 

79 
80 

81 

82 


0.831 

0.829 
0.826 
0.824 
0.822 
0,820 
0.817 
0.813 
0,813 
0.8U 


0.652 
C45 


11 


0,965 
0.'J62 
0-958 
0.955 
0.952 
O.IHO 
0,946 
943 
0.940 
0,937 


632 


13 


91 

92 
93 
94 
95 

96 
97 
98 
99 
100 

105 
110 

115 

IS 

130 

135 
.,0 


0.767 
0,765 
0,763 
0.761 
0.759 
0,768 
0-756 
0,754 
0.752 
0.750 


619 


15 
16 


0.880 
0-877 
875 
0.872 
0,870 
0.867 
0.865 
0.862 
860 
0.857 


0.G06 
0,600 


IS 


210 
220 
230 
240 

250 
260 
270 
280 
290 
300 

400 
.JOO 
600 




20 


0.809 
0.806 
0.804 
0.802 
0.800 
0,798 
0.796 
0.794 
0,792 
0.789 

0.787 
0.785 


0.577 
0.566 
558 
546 
0-536 
0,526 
517 
0.508 
0.500 

0.429 

0.375 
0,333 


21 


0,935 

0.932 
0.929 
0.926 
0-923 
0.D20 
0,917 
915 
012 
0.909 


23 


0.741 

0.732 
0-725 
0.714 
0.700 
0.698 
690 
0.682 


2S 
26 
27 
28 
29 
30 


51 
52 

53 
54 
55 

50 


0.855 

0,S52 
0.850 
0.K47 
845 
0.843 



length. From Table MI, it is seen that the stress in U,Lj prraluced 
by this loading is +IlS.O;uiiil fnim TableVIII, the impact coefficient 
for 93 feet is found to Ix' 0.763. The impact stress is now computed : 

/ - 0.703 X 118.0 = +90.6. 
The maximum strvss in (7,L, is now: 

Dcad'ioad = + 38.4 

Live-load = +118.6 

Impact - + 90.6 

Maximum - +247.6 
Table IX gives the necessary information for computing ths 
impact stresses, ami also gives the ini|)act stresses corresponding to 
the maximum live-load stresses in the members of the truss of Article 
47. 
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TABLE IX 
Impact Stresses in a Pratt Truss 



Member 


s 

-172.2 


Lol\ 




+ 65.6 

- 50.5 

- 25.1 




+ 118.6 
+ 64.7 
+ 32.0 




-168.2 
-183.8 



LoL, +107.5 
L^L, +168.2 



37 
68 

48 



300 



L + 300 



REMARKS 



113 0.727 - 125 .2 4 ft. of uniform load on truss 



0.890 
0.815 
0.862 



93 I 0.763 
68 ! 0.815 
0.862 



+ 58.4 See succeedine text. 

— 41.3 Same as for L ^L^ 

— 21.6 Same as for V^L^ 




+ 90.6 Wheel 16 at L« 

+ 52.7 I Wheel 11 is 4 ft. from L, 

+ 27.6; Wheel 9 at L^. 



121 8 ^ ^'l^eel 13 at L^. 

: i 5 ft. of uniform load on bridge. 
9 M 15 ft. of uniform load on bridge. 
^ \ Wheel 1 off bridge. 

Same loading as for LqU^ 
Same loading as for V^U^ 



In the case of UJj^f it should be noted that only the wheels 10 to 
16 inclusive cause the stress (see Fig. 94), and that the loaded 
length is the distance from wheel 10 to wheel 16. 

Some specifications do not call for impact stresses. The unit- 
stresses in these specifications are made low, and the sections designed 
are large enough to withstand the additional stresses due to impact. 
In cases w^here the impact strt^sses are retjuired, they must be con- 
sidered in computing the maximum and minimum stresses. 

49. Snow-Load Stresses. In some localities the snowfall is 
considerable, and its weight should be taken into account in com- 
puting stresses. This should be done by considering it as an addi- 
tional dead load of 15 pounds per scjuare foot of floor surface for every 
foot of snowfall. As it covers the entire floor surface, the stresses 
will be proportional to the dead-load stresses. Also it is evident that 
the snow load should not be taken into account in railroad bridges 
unless they have solid floors, as most of it falls through the open 
spaces between ties and stringers. 

As an example, let it be required to determine the snow-load 
stresses in a memlx^r of a highway bridge, the dead-load stress in the 
member being +84.0, the dead panel load being 12 000 pounds, and 
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the snow be»ng 1 1 feet deep on the roadway, which is 14 feet wide. 
The snow panel load is: 

I (14 X 15 X li X 20) = 3 150 pounds. 

In the above tH|uation, 14 is the width of roadway; 15 is the weight 
in pounds of one square foot of snow one foot deep; and 20 is the 
length of one panel. One-half of the weight of snow must be taken, 
as half is carried bv each truss. The snow-load stress is then: 

In like manner, all snow-load stresses can be computed. 

Most of the standanl specifications which have been published 
do not specify snow loads; and in fact it is not customary to include 
the snow load in any designs except those* for bridges in extreme 
northern latitudes. It is hardly probable that the greatest load will 
come upon a a>untrv bridge when it is covered with snow. Also, 
in cities, the sidewalks arc* cleane<l of snow; and so is the roadway 
if the city is of large siz(\ 

WIND-LOAD EFFECTS 

50. Top Lateral System Through-Bridges. The unit-loads for 
this system are given in Article 2(). Common practice is to take 
150 pounds JXT linear foot of top chord, the end-post being con- 
sidered part of the top chord in this computation. 

In many of the longer-span mtxlem bridges, the diagonals of 
this system are designed to take either tension or compression; but in 
the majority of the shorter spans, 200 feet and under, while generally 
consisting of angles or other stiff shapes, they are designed to take 

■ 

tension only. The verticals or top lateral struts take compression. 
This combination of tension diagonals and compression verticals 
makes the so-called Praif sysicm of xcehhinrj: and indeed the lateral 
systems, both top and bottom, are Pratt trusses in a horizontal posi- 
tion. Fig. 05 shows the side elevation of the truss of Article 47, and 
also the top and bottom latemls. The diagonals shown in full lines 
act when the wind is right, and those shown by dotted lines act 
when the wind is lejt. Wind right indicates that the wind is blow- 
ing from the right hand when a person stands facing the righf 'end of 
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^» 



\ 



y 



.Z^ 



y 



y^ 



a 



jer 



the bridge. Wind le\t indicates that 
the wind blows from a person's left 
when standing as above described. 

The wind load of 150 pounds is di- 
vided between the two trusses, this 
being exact enough for pnictical pur- 
poses; for, by actual experiment, the 
difference l)etween the readings of 
wind-pressure gauges placed at points 
opposite each other in the top chords 
of a through-bridge was only from 8 to 
10 per cent. 

The problem, then, is one of a deck 
Pratt truss with a dead panel load of 
150 X 20 = 3.0 divided bc^tween tlie 
two chords. Fig. 96 shows the distri- 
bution of loads and the reaction, it 
l>eing considered that the portal brac- 
ings and the end -posts (see Fig. 95) 
are stiff enough to distribute the 
reaction equally Ix^tween the Ix^aring 
points Z/j,, Ljj', Z/q, /vq'. Each panel 
load is indicated by an arrow, and 
is equal to 3.0 -- 2 = 1.5. The re- 
action at each of the points L,„ L,/, 
L,, and L/ is 10 X 1.5 -4 ==3.75. 
The truss being symmetrical, the 
stresses in like members on each side 
of the center will l>e the same. The 
shears in the top system are: 

\\ = 4-2 X 3.75 - 2 X 1.5 = +4.5 
V\a - +2 X 3.75 - 3 X 1.5 = +3.0 
\\ =-- +2 X 3.75 - 4 X 1.5 = +1.5 

and the secant c\ is (17' + 20= )* -^ 17 
= 1.544. The stresses in the diag- 
onals are: 

V,'U^ = +1.544 X 4.5 - +0.95 
^/^'s = +1.544 X 1.5 = +2.32. 
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The vertical U^U^ = —3.0; and by passing a section 6 — 6 around 
J7/, the stress in V^U^ is found to be — 1.5. 

In obtaining the chord stresses in this system, the case is the 
same as if the reactions were applied at Uy and U^, as the portal and 
end-posts are not in the same plane as the lateral system. The tan- 
gent method is the simplest to use in this case. The tangent is 
20 -T- 17 = 1.176, and the stresses (see Fig. 95) are: 

17/17,' =. - 4.5 X 1.176 = -5.29 
17/C7,' = -(4.5 + 1.5) X 1.176 = -7.06 
U^U^ = 
C7,17, U,'L\' = +5.29 

Fig. 97 is a diagram with the stresses caused by wind right and 
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W.L.-5iC9 W.L-7.06 

Pig. OT. Wind Stress Diagram of Pratt Truss of Fig. 95. 
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wind left indicated thereon. The stresses for wind left can easily 
be written by inspection. 

51. Bottom Lateral Bracing, Through-Bridges. Fig. 95 shows 
the lower lateral system with the panel jx)iiits loaded with the fixed 
or dead wind load. In this case it is all taken as acting on one side, 
it being assumed that the floor system protects the leeward truss. 
The problem then becomes that of determining the stresses in a deck 
Pratt truss of 6 panels of 20 feet each, the height being 1 7 feet. When 
wind is tight, the members shown by broken lines in P'ig. 95 do not act. 

The fixed wind load (Article 26) is 150 pounds [)er linear foot of 
chord. The panel load will Ix* the same as lx»fore, 3.0, but all will 
be on one chord. The shears are : 

V, = 2^ X 3,0 = +7.5 

a-a = + < .«•> 

\\ = +7.5 - 3.0 = +4.5 

Fb-b = +4.5 

F, = +7.5 - 2 X 3.0 = +1.6 
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bcuig 1.544, as previously computed, the irA 



The s.' 
stn'ssvs are: 

L.,'L, = +7-5 X 1.544 = +11.60 L/L, = -7-5 
t,'t, = +4.5 X 1.544 - + ti.95 L,'L^ - -4.3 
L,'Lj = +1.5 X 1.544 = + 2.32 L,'L, - -3-11 

The stifss in Z.,'/^ is rfetcrminei! by passing section c — c sal 
Ksolvinn tbc vertical forces at /.,' (sec Fig. 95). 

By Using the tangent method, the chord stresses are ciimpulni 
ma fuUoK's: 



t,*t,' » ^7.5 X 1.176 - -8.82 

Vt,' - -(7-5 + 4.5) X 1.176 14.12 

VV (7.5 + 4.5 + 1.5) X 1.17G = - 1; 

/.,/.. = -V-,' (-8.82) = +8-82 

LJ., Wl.,- (-14.12) = +U-I2 



4 



TTw wind load acting on the train is 450 pounds per linear foot. 
It is evident that (he train may cover the .span either partially or 
rntiivly. and thcirforc its action on the lower lateral svslem is the 
sMOe as if it were stressed by a live loud of 4.10 pounds per linear foot 
of tniss. 

The live puiel load is 450 X 20 = 9.0. The maximum live- 
VmA iwirlion is *> ^ (1.0 -^ 2 = 22.5, and the positive live-load shears 



It Is )inn«-t\<,-yin" to j:i> further than the center, as only the maximuin 
sti\'s;!«'s iiT»' r^-iiuirril in tbt- niemliers. The web stresses are coid- 
putetl ;i,-i jiiven Wlow : 

;, ;,. - -Zl h X 1 .-.14 - +34.75 L,'L, = -22.5 
;, / , - l.iO \ 1 .'.44 = -^ 23-15 L,'L, = -15.0 
;.,7,, - lUl \ 1 .'.H = * 13.91 L,'L, = - 9.0 

■s due to this load of 450 pounds per 

ilie train covers the entire span; and 

the stresses produced by the fixed 



The maximum eiiiml .-itrt 
Ituciir fiHit of intin. <Hvur wht 
they im' dirtvily |ii>i|xirt 
lotui, in tlu' 
This ratio 



. !>.0 
'^3.0' 



us the live panel load is to the fixed panel load. 
a.O. The chord stresses, therefore, are: 
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u'l: = 


- 8.82 X 3 - 


-26.40 




Z.,'L/ = 


-14.12 X 3 - 


-42.3C 




L^U - 


-15.88 X3 - 


-47,64 




uu - 


+ 8.82 X 3 - 


+ 26,46 




i^. - 


+ 14,12 X3 - 


+ 42.36 




Table X, Article 53, 


gives the stresses in the 



top and bottom lateral 
systems for wind right 
and wind left. 

52. Overturning Ef- 
fect of Wind on Truss. 
\Vhen the wind blows on 
the top chord, it tends to 
overturn the truss. As 
the truss is held down by 
itsown weight, the action 
of the wind does not 
overturn it, but causes 
the dead-load reaction on 
the windward side to be 
less and that on the lee- 
ward side to increase by 
a hke amount. The 

Sid 
amount is ± F = ^i- X 

-r , where £w ^ the sum 

of alt the wind panel 
loads, h = the height of 
the truss, and b = the 
distance center to center 
of trusses. The effect 
upon the leeward truss is 
the same as if two ver- 
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ticml toads, tsdi eqaal to (' and acting tlomiwaid, were placed at thf 
hips r, and f"j (»e Fig, 9^1, The effect on the windward tniss is 
the mnr as if tvo Tntic^ loads, each etjual to V and actiug upward, 
wen pbced at the hips T,' aad C\'. 

The stnrssrs id the leewanl tniss will now be worked out. The 
str e -awt in the wiiKhnud tiuss are the same, but with oppaiite apa, 

TWnnss is that of Article 47. Here I" = '** ^^ ''^ X ^ = II OOP. 



Fig. 9.» ^xnrs the trass with the loads in the corrvcl [xisiticm, the 




FIf. » 



reactioiis each bring 11.00. T, = +11.00. and V, = +11,00- 

ll.W = 0. The shear- in i\w 2d. %i. 4ih, .iiid 5lh panels art also 
zero. As the shear in these paneb is zero, the stress in the diagonils 
and vertical posts is zero X secant <^ = zero. The stress in the hip 
verticals [",!., and l^I-^ is zero, as there are no loads at Lj and i,. 
The stress m the end-post is -11.00 X 1.2S = -14.0S. Takjnj 
the center of moments at f*,. the stress equation of L^L^ = L^L^ is 
-t,L, X 25 + 11.00 X 20 = 0; whence L.L^ = +S.8. TTie strea 
in all the lower chor,i memliers will be found to be + 8.8. B] 
summing the horizontal forces at the section a — a, noting that, u 
L',L, is zero. its component is also zero, there results: +L^L^ + tf,U, 
= 0; whence f,f\ = -i,i- = - cfS.SO) = -8.S0. TTiis is alst 
the stress in all memtiers of the top chord. 

It is now seen that the overturning effect of the wind on tht 
truss causes stresses only in the end-posts and chords. The wind or 
the lower chord causes no overturning effect, as it is transferrec 
directly to the abutments. 

53. Overturning Effect of Wind on Train. The wind blowing 
upon the train tends to overturn it, and in so doing the pressure or 
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the leeward stringer is increased and that on the windward stringer 
decreased by the same amount. This difTerence in pressures is 
transferred to the floor-beam and then to the panel points (see Fig. 
100), where its value is: 



± L 



W X (8.5 -I- a) 



where W =» Panel load due to wind 

on train; 
8.5 = A constant established 
by the Specifications 
(see Article 26, p. 1 5); 
a = Distance from base of 
rail to center line of 
lower chord. It may 
be taken as 3 feet in 
most cases, as this is 
approximately the 
usual depth of floor). 
h = Distance center to cen- 
ter of trusses. 

For the case in hand, W = 20 
X 450 = 9 000. Therefore, 




Floor Beam 



Fig. 100. Illustrating Qyertuming Effect of 
Wind on Train. 



L = i: 



9 OOP X (8.5 -f 3) 
17 



= ± 6 090 pounds. 



The action of the wind in tending to overturn the train is the 
same as if the truss were under a Hve panel loading of L, the panel 
load L acting upward on the windward and downward on the leeward 
truss. 

The chord stresses due to this will \)e proportional to the dead- 
load stresses in the same ratio as this panel load L is to the dead panel 

n f\(\r\ 

load. For the truss of Article 47, this ratio is - ^ ^ = 0.303, and 

the chord stresses caused by the overturning effect of the wind on the 
train (see Table VII) are: 

' U,U^ = -64.0 X 0.30.3 = -19.39 

U^U^ = -72.0 X 0.:^)3 = -21.S2 

Lo/v, = L,L, = 4-40.0 X 0.303 = +12.12 

C^L^ = +64.0 X 0.303 = +19.39 

The stress in U^L^ is +6.09, the panel load at L^. 
The maximum positive shears are: 

6.09 



V, 



(1+2 + 3 + 4 + 5)= +15.22 
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V, - ~= (I + 2 + 3) - + fi.ua 

nnd the maximuni web stresses are found to be: 

L^U, - -15.22 X l.2fi - -19..W 

U,L, . +:0.15 X 1,28 - +13.00 

UJ., - + fi.09 X 1.28 - + 7.80 

U.L, = + 3.05 X 1.28 = + 3.BI 



V,L, - 



-BUH 



I 



V to compute ihe shears further than one panel ptst 
the middle of the span, as only the maximum stresses are usualh 
required. 

The wind stresses from various causes are grouped together and 
pven in Tahle X. 

Fn>m Table X it is seen that large wind stresses occur in somf 
of the members. Most specifications require that the stresses due to 
wind shall Ik- ncpl<'C'lfd in the design iinlcii.^ ihev exceed 2.'j per cent 
of the sum of the dead-load and live-load stresses. 

The subject of wind stresses does not onlinarily receive the con- 
sideration it should have; in fact, it appears to be common practice, 
in the case of spans up to 200 feet, to neglect the action of the wind in 
all members of the bridge except the top and bottom lateral diagonals, 
the top struts, the portal, and the bending 
effect in the end-post. For the last t«o 
effects mentioned, see the next succeeding 
article. 

54. Portals and Sway Bracing. One- 
half of the wind on the top chord is trans- 
ferretl to the hips U^'U^ and U/U^. From 
there it is carried to the abutments by 
means of the portal bracing and the end- 
posts. Various styles of portal bracing are 
in use, but few are so easily analyzed and 
constructed as that of Fig. 101. This form 
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TABLE X 
Wind Stresses In Pratt Truss 

l^EB MEMBERS 



OVERTURNINO 



Wind Right 
on Truss 
on Train 

Wind Left 
on Truss 
on Train 



Maximum 
+ Stress 

Maximum 
— Stress 



L,U, 



-14.08 
-19.50 

+ 14.08 
+ 19.50 



U,L, 



U^L, I t/,L, 



0, 

-13.00 +7.80 +3.91 















-13.00 , -7.80; -3.91 



+ 33.58 



+ 13.00 +7.80 +3.91 



-33.58 



-13.00 -7.80 -3.91 



U,L, 


U,L, 



+ 6.09 


-6.09 




-6.09 


+ 6.09 


+ 6.09 


+ 6.09 


-6.09 


-6.09 



U,L, 




-3.05 


+ 3.05 



+ 3.05 



-3.05 



Member 



CHORDS 



L,L, 



Direct 



Wind Right 
Wind Left 



Overturning Truss 

Wind Right 
Wind Left 

Overturning Train 

Wind Right 
Wind Left 



+ 8.82 I +14.12 
+26.46 +42 36 



- 8.82 
-26 46 

+ 8.80 

- 8.80 

+ 12.12 
-12.12 



Maximum 
+ Stress 

Maximum 
— Stress 



-14.12 -15.88 
-42.36 ' -47.64 



U,U, 




- 5.29 



U,U: 



+ 8.80 I + 8.80 - 8.80 
- 8.80 - 8.80 + 8.80 

I 
+ 12.12 +19.30 -19 .39 
-12.12 ; -19 39 +19 39 



+ 20.92 +56.20 +84.67 +2S.19 



-56.20 



-77.40 -91.71 -33 48 



+ 5 29 
- 7 06 



- 8 80 

+ 8.80 

-21 .S2 
+ 21 ,82 



35 91 



37.68 



LATERAL SYSTEMS 



Member 



Wind Right 
on Truss 
on Train 

Wind Left 
on Truss 
on Train 

Maximum 



u/u. 


U,'U, 


U,'U, 


U,'l\ 


+ 6.95 


+ 2.32 


-3.0 


-1.5 








-3.0 


- 1.5 
-1.5 


+ 0.95 


+ 2.32 


-3.0 



L,/L^ 



+ 11 .60 
+ 34.75 






L/L, 



L/L, 







+ 0.95 
+ 23.15 


+ 2.32 
+ 13.91 








16.35 +30.10 








+ 16.23 



The stresses in Li* Ly, L,* L., and L^* L^ are not given in the above table. These 
members are the floor-beams, and the small stress due to wind is neglected in their 
design. 
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. ia tt present being used almost universally on all spans up 
hi £au feet. 

Ia:1 it Ik ruqtiircd to analyse a portal of tbls foitn, all the <iu- 
tances hcing as indicated in Fig. 101; and let; 

ui — Wirnl panel luad of upper choH; 
m' ■■ NumbiT of paneb in upper cbord; 

Then, 

p- {m- - l)w: 



■ I ' 



' 1 1, ■ 



II, ~ H, ^ {(P + w) + wl ^2. 
'Vhf mnxA in Be the center of moments being Ht D, b: 



s«- -1 



t' I (i"* IT) + H.4-|- 



The stivn in AB, the center of moments being at E, is: 

For lln' stress in Bf), thr center of mommts is taken at C, and 
dip |M>r)iendiriilitr tlistiin«' r in HI) is df Icrniiiicd- The stress in 
ItIK tluu. is: 



ll must K- tiiiuiiilHix^i tliiit h, is not the height of the tnias, 
Init is li... l..i,j:th ,.f tlu- ,nd-|H.st (nnn /,„ to l\. 

Fit tlu- truss of Article 47. w = 1.5; m' = 4; and P = 4.5. 
rhevitliie A, ^Jtv ■ J.Vl^ ,. ;{l'.(1 ftvt. The distance a must be 
»■ iliuM-ii tliiit /.'/) will not iiiierfen- with engines or other traffic 
lhiMiii;li the liridj?'. It will W- assntned as 5 feet in 



«i,i,.i. , 



I'lioo r ll.:. + I.,-. + l.r.l ^; - H.OS; andfl, -fl, 
.T."'; wlii-niv, 

^- -(,«.»■ :>.75 X f) . -26,26 
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5ab « 1.5 + 3.75 X 



27 



The distance BD 



= ylscf 



+ CD 



+ 21.75 



= \8. 



-J-T^i 



5 + 5.0 = 9.85. 



Then, from similar triangles DCB and DFC, is obtained the 
proportion: 



CF^BC, 
CD BD' 

C=^n^#^ = 4.3 feet; and 
Sbd =-4-3.75 X -v^ = +27.90 



»BB 



-3.75 X 



4.3 

32.0 
4.3 



-27.90 



When the wind blows from the other side, the stresses in the 
diagonals arc reversed, and those in the top arc transposed. The 
members shown by broken lines take no stress. When the wind 
blows, the end-posts tend to bend as shown in Fig. 102. This is with- 





/. -/ 



^ F^g. 102. Illustratlnff Tendency 
of End-Posts to Bend under 
Wind Load. 



Flff. 103. BendlHR Tendency 

when f^n<i-Po.sis are Fixed 

at Lower End. 



stood by the cross-section of the post at the points E and D, The 
bending moment caused at these points by the wind is H^ X /and 
H^ X /. For the truss under consideration, 

Md = Me = 3.75 X 27 X 12 = 1 215 000 Ib.-ins. 

If the posts are fixed at the lower end, then they will tend to 
bend as shown in Fig. 103, the post Resisting the bending at two 
points D and d. The section at each point withstands in this case 
only half of the moment just computed, or 1 215 000 -r- 2 = 607 500 
Ib.-ins. A further discussion of this will be given in Part II, on 
"Bridge Design." 
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Various forms of sway bracing are used to connect the inter- 
mediate posts and thus stiffen the cross-section of the bridge at those 
points. The form of portal just given is often used, as is also the 
form shown in Fig. 104. Here h is the height of the truss. The 
braces BD are called knee-braces. Here w is the wind panel load of 

the top chord, and 




V" = 



2wh 



H, = //, = 



2w 



Sbc= —(wa + H^) H- a 

= - (u; + H,—) 

a 

Sh'Cf = -f (u? + i/i — ) 

a 



S 



BD 



C 



5b/d' = '~^i — 

c 



The stress in B'B is the direct 
compression due to wind right or 



♦ V" -V' 

Pig. 104. A Type of Portal and Sway left, and differs in accordance 

Braciiig in Frequeut Us«'. .11 • • f .^ . , . 

With the j)osition of the top strut. 
There is also a bending moment at 7i' and /?, which is: 

Mh^ = .Ub = -V'il 4- H,h. 

The In^nding moiiiont at D and W is equal to HJ or IIJ, -^ 2, 
according to whether or not the 1ow(T ends of the posts are fixed. 

The determination of the stresses for the truss of Article 47 is 
left to the student. 

When the wind is fn)m the other side of the truss, the signs of 
the stresses in the knee-braces and the members CB' and CB are 
reversed. 

55. Final Stresses. Tlie class of stresses which go to make 
up the maximum or minimum for which the member is designed, is 
determined by the sjH»cificatioiis used. The dead-load and live-load 
stresses are always inclu(le<l, and then those clue to impact and wind 
should l)e added if recjuired. In computing the maximum stresses, 
the algebraic sum should always l)e used. In a large majority of 
cases, all stresses which go to make up the maximum have the 
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same sign, but some exceptions have been noted, as in the middle 
vertical of a Pratt or Howe truss. The minimum stresses are, with 
rare exceptions, obtained by combining stresses with signs of opposite 
character. 

GIRDER SPANS 

56. Moments and Shears in Floor^Beams. In any bridge the 
floor-beam acts as a support for either the joists or stringers, and the 
moments and shears occurring in it are due to the loads which come 
on the joists or stringers. In a highway bridge the joists are spaced 
so closely that the load which they transmit to the floor-beams may 
be considered as uniformly distributed, providing the live load is a 
uniform load, in which case, 

.. (2Pl -f Pn) X panel length in inches 

o 

V = (2Pl + Pd) - 2, 

where M » Maximum moment in pound-inches; 

V = Maximum shear; 
Pl = Live panel load; 

Po = Weight of stringers and floor material in one panel. 

It will be seen that these formulae are those for the maximum 
moment and shear in a uniformly loaded beam, the total load being 

As an example, let it be required to determine the maximum 
moment and shear in the floor-beam of a highway bridge whose panels 
are 20 feet long, and trusses 16 feet center to center, the live load 
being 100 pounds per square foot of floor surface, the flooring weighing 
10 pounds per square foot, and there being 5 lines of joists weighing 
15 pounds per linear foot, and 2 lines of joists weighing 8 pounds per 
linear foot. 

1 A 
Pl = -- X 20 X 100 = 16 000 pounds. 

Pd = 5 X 20 X 15 + 2 X 20 X 8 + 10 X 20 X 10 = 5 020 pounds. 

Then*fore, 

(2 X 16 000 + 5 020 ^ 20 X 12 

M^ ^ 

= 1 110 600 pound-inches at center of floor-beam. 
F = (2 X 16 000 4- 5 020) ^ 2 

=» 18 510 pounds at ends of floor-beam. 
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In the case of a single-track railroad bridge, there are only two 
stringers upon which the weight of the track, the engine, and the 
train is supported. These join the floor-beam at points equally 
dbtant from the center of same. The weight of the ties, rails, and 
fastenings is usually taken at 400 pounds per linear foot of one 
track. As regards the live load, the proposition reduces itself to 
placing the wheel loads so that the sum of the reactions of 
stringers in the adjacent panels will be a maximum on the floor- 
beam under consideration. This is discussed in Article 47, page 87 
(see Fig. 94). 

In determining the values of the maximum moment and shear in 
the floor-beam, the case is that of a beam symmetrically loaded with 
two equal concentrated loads. Each load is equal to the dead weight 
of one stringer, one-half the track weight in one panel, and the maxi- 
mum sum total of the reactions due to the wheel loads on the stringers 

in adjacent panels which meet at 
that point. This latter quantity is 
called the floor-beam reaction. For 
a general arrangement of the loads, 
see Fig. 105. The distance a has 
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Plg. 105. Arranpement of Iioads for Cal 

culatlng Moments and Shears 

in Floor-Beams. 



become standard for single-track 
spans, and is 6 feet 6 inches. 

Let it \yc required to determine 
the maximum shears and moments 
in the fl()or-l)eam of the truss of 
Article 47. 

The weight of the stringer may be obtained by the formula of 
Table II, and is: 

Stringer = 20 (123.5 + 10 X 20) ^2 = 3 200 pounds. 

The weight of one-half of the ties, rails, etc., in one panel is: 
} Track = (400 X 20) 4- 2 = 4 000 pounds. 

The weight that comes from the engine wheels is given in Article 
47, page S7 (see Fig. 94), and is 65.55. Each load is therefore the 
sum of all the above weights, as follows: 

3 200 + 4 000 + 65 550 = 73 750. 

The maximum shear (see Fig. 105) is seen to be 73 750 pounds; 
and the maximum moment occurs at C and D, and b: 
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M = 73 750 X (4^ - ^) X 12 = 4 646 250 pound-inches. 

For any particular engine the floor-beam reactions for different 
length panels are easily tabulated for future reference. Table XI 
gives the floor-beam reactions for panel lengths from 10 to 24 feet 
inclusive. 

TABLE XI 

Floor- Beam Reactions 

E 40 Loading 



Paxkl 
Length 


Maximum 

Floor-Bm. 
Reaction 


Panel 
Length 


Maximum 

Floor-Bm. 
Reaction 


Panel 
Length 


Maximum 

- Floor-Bm. 
Reaction 


10 
11 
12 
13 
14 


41000 

43 800 
46 600 

44 400 
52 200 


15 
16 
17 
18 
19 


55 000 
57 000 
59 000 
61000 
63 000 


20 
21 
22 
23 
24 


65.55 
67.10 
69.20 
71.30 
73 40 



In many cases it is desirable to keep the dead-load shears and 
moments separate from those of the live load; and this can easily be 
done. 

In neither of the above cases has the weight of the beam itself 
been taken into account. This 
should be done in the final design. 
The method of procedure is to 
compute the moment and shears 
as above; then make a provisional 
design of the beam. Next, com- 
pute the weight of the beam thus 
designed, and add the moments 
and shears caused by this weight 
to the other dead-load moments 
and shears; then re-<lesign the beam 
and compute its weight. If this 

last weight varies lO per cent from the previous weight, another re- 
design should l)e made. The above proceeding belongs to Bridge 
Design, Part II, and will there be treated. 

57. Moments in Plate-Girders. Plate girders are of two classes 
— ^namely (1) those which have the ties or floor laid directly upon the 
upper flanges of the girders; these are called deck plate-girder bridges; 




Fig. 106. Cross-Section of Deck Plate- 
Girder Railway Bridge. 
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and (2) those in which the webs of tbe girders aip wimected with 
eiich other at inleniils by fioor-beams which in turn carrj" stnngns 
or joistt in exactly the same maoner a^ in tbe floor sA'stem o! i 
ruilroud ()r highway truss-bridge; this Utter type is called & Ihough 
jdate'girdrr bridge. Figs. 106 and 107 show rross-wctions uf dwk 
nnd through pUte- 
ginier bridges n- 
spectively. for rail- 
way senice. Fig. 

108 is a side view 
of a deck plate- 
girder bridge. Fig. 

109 is a longitudin&l 
section of a thmugh 
plate-girder rail- 
road bridge. The 

section is taken down the middle of the track. The bridge shown has 
.1 panels. An odd number of panels slioidd be chosen, as thb does 
not bring u floor-beam at the center of the span, and hence the gresl 
moment which would then be caused is avoided, 

Tlie anidy.sis of the ahears and moments of a through plate- 
girder is precisely the same as that for a truss bridge. The shear is 






FiR. ins 



itrder ItalliTiiy Bridge. 



constant Ix'tween any two panel points as 0-1 or 1-2, etc., and tbe 
moments are computed for the poinis 1, 2, 3, and 4. 

If wheel loads »re used for moments, the relation that K = — 
lln 



Wn 



- L must be + , and that k = ~ 



- {L + P) must be-, hoWa 



true when the loads are in correct position for maximum moments. 
Here m = the number of panels, and n = the panel under considera- 
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tbn and is to be reckoned from 
the left end ; in fact, all terms 
have the same value as men- 
tioned in Article 46, A careful 
review of Articles 44 and 46 
should enable the student to 
follow the example which will 
now be given. 

Example. It is required 
to determine the moments at 
the points of flooi^beam support 
for a 5-paneI through plate- 
girder of 75-foot span. The 
live loading is Cooper's E 40. 

Dead-Load Moments. 
Through plate-orders, on ac- 
count of the heavy floor system 
and the fact that the floor sys- 
tem transfers its own weight 
and that of the live load to the 
girders as concentrated loads, 
are about 40 per cent heavier 
than deck plate-prder bridges 
of the same span. The weight 
of the entire span, therefore, is; 
1-4 X 75(123.5 + 10 X 75) = 
91 700 pounds. 

Part of this 91 700 pounds (the 
weight of the girders themselves) 
acts as a uniform load; the re- 
mainder (the weight of the 
floor-beams and stringers) acts 
as concentrated loads at the 
points where the floor-beams 
join the web. Experience has 
shown that the weight of the 
floor for a single-track railroad 
system is about 400 pounds 
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TABLE Xn 




prr tincar foot- TV weigbl of ihe stringers and floor-beaiiBl 
this bridge is therefore 75 X «0 = 30 000 pounds, and 91 TOOl 
30 UOO = tU TOO pounds, nets as a uniform load. This 61 700 p 
isdisiribulrd over two girders, and so gives 61 700 -r- (2X75) = »?• 
412 pounds per linear foot of one glider. 

The dead load which is coiieentmted at each panel point is ll*' 
tine to the weijrfit of the steel fioor and the weight of lies, raiLi,«wl 
fastenings. It is. for one giider, 

15 X l400 r -KM) ^ 2 ^ G 000 pounds. 
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The dead-load moments are now computed by the methods of 
Strength of Materiab, and are found to be : 

Afo « Af. « 0; 

Mj " Af^ - +4 390 000 pound-inches; 

M, « Af, « +6 580 000 pound-inches. 

Live-Load Moments. The positions of the wheels for maximum 
moments are now detennined (see Table XII). 

The computations for the reactions are best arranged in tabular 
form. Table XIII gives the values. 

TABLE XIII 
Reactions for a Throug:h Plate-Qirder 



H 

o 


ti t* ^ 

a *< o 

^ a- 

3 
4 
5 


Equation for Reaction 


Reac- 
tion 


1 
1 
1 


i? = (6 708 + 192 X 4) - 75 

i? - (7 668 + 212 X 4 - 10 X 78) ^ 75 

/? - (8 728 + 232 X 4 - 10 X 83 - 20 X 75) - 75 


99.7 

103.2 

97.8 


2 4 


/? « (4 632 + 152 X 7) -i- 75 


76.0 


3 
3 


6 

7 

6 

7 
8 


i? « (4 632 + 152 X 6) -^ 75 
/? - (5 848 + 172 X 3) ^ 75 


73.9 
84.9 


4 
4 
4 


i? = (2 851 + 129 X 4) ^ 75 
i? = (3 496 + 142 X 4) H- 75 
i? = (4 632 + 152 X 2) H- 75 


44.9 
54.2 
65.4 



The live-load moments are computed as follows: 

^Wheel 3, Af = 99 .7 X 15 - 230 = 1 205 000 pound-feet. 
Wheel 4, M =103.2 X 15 - 20 X 5 - 20 X 10 = 
Point 1-^ pound-feet. 

97.8 X 15 - 20 X 5 - 20 X 10 = 1 1 67 000 



1 247 000 



' 



Wheel 6, Af = 
I, pound-feet. 

Point 2 Wheel 4, M - 

„ . ^ , /Wheel 6, M - 
^^^^^ n Wheel 7, Af . 

r Wheel 6, Af - 

Point 4} Wheel 7, Af = 

I Wheel 8, Af = 



76.0 X 30 - 480 = 1 800 000 pound-feet. 

73 . 9 X 45 - 1 640 - 1 785 000 pound-feet. 
84.9 X 45 - 2 155 = 1 065 000 pound-feet. 

44 . 9 X 60 - 1 640 = 1 054 000 pound-feet. 
54.2 X 60 - 2 155 = 1 097 000 pound-feet. 
65.4 X 60 - 2 851 =1 073 000 pound-feet. 



The above values show that the greatest live-load moments are: 



M at Point 1, by wheel 3 = 1 265 000 pound-feet 
Af at " 2, '* '* 4 = 1800 000 
Af at " 3, " " 4 « 1800 000 
Af at " 4, " '* 3 - 1265 000 



it 



1 1 
tt 
tt 
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The lost two values arc obtained when the load comes on the bridp 
from the left. Inspection of the results obtained at points 3 anu 4 
when the load comes on from the right, shows thai they are con- 
siderably smaller tlian the results obtained al their sjinnielrica! 
points 1 and 2, and therefore it was not necessarj- to determine the 
moments for any points to the right of the center. This is tmeotstl 
girder spans, deck or through. 

The method of procedure when the girder is a deck plate-girfer 
is the same as that just illustrated, except that in the oomputstioo 
of the dead-load moments there is no concentration of certain po^ 
tions of the dead load, the weight of the girders themselves beings 
uniform load, as is also the weight of the ties and rails or, if it be » 
highway bridge, the floor-joists which run lrans\'ersely. Highway 
spans are seldom built of deck platc^rders, it being preferable to 
use the through girders, as then the girders themselves sene as a rail- 
ing and keep the traffic confined to the roadway. The girder span is 
usually diiHdcd into ten equal di^^sion5, the points of cli\ision being 
called the tenik--points. The shears and moments are computed for 
the center point and those points whicli lie to the left of the center. 
After tlic values arc computed, they are laid off as ordinates, with the 
corresponding tenth-peiints as absciss;i'. A curve is then drawn 
through their upper ends, and the curve of maximum shean or 
momenfn is the result. To get the maximum shear or momeDt at 
any point other than a tenth-point, the ordinate is scaled at the 
desired point. 

Example. Let it be required to determine the maximiUD 
moments at the tenth-points of a 100-foot-span deck plate-girder. 

Dead-Load Moments. The weight of steel in the span is 100 
(123.5 + 10 X 100) = 112 350 pounds, and the weight of the tnck 
is 400 X 100 = 40 000 pounds, making a total of 152 350 pounds, 
or 152 350 -i- (2 X 100) = say, 762 pounds per linear foot per girder. 
The dead-load moments are now determined according to the metbodi 
of Strength of Materials, and are: 

M, = M2 800 pound-feet 

.V/. = 609 400 '■ ■■ 

■l/j = 7!li)840 ■' " 

M, = 014 100 " " 

W, = H.W 200 " " 
Live-Load Momenta. The determination of the wheel load 
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IVn 
positions is made by the use of the formuhc K = ( L) and 



k = 



Wn 



m 



m 



— (L + P) ; only, in this case, n is the number of divisions 



from the left support to the section, and m is the number of divisions 
into which the girder is divided. 

The determination of the wheel positions is given in Table XIV. 

TABLE XIV 
Wheel Positions, Moments In Deck Plate-QIrder 





IC f- * 


L 


Wn 
m 




P 


L^P 


K 


k 


Remarks 




& 


2 


10 










4- 


' 








258 X 0.1 = 


25.8 


20 


30 


Maximum 






3 


20 


261 X 0.1 = 


26.1 


20 


40 


4- 


— 








4 


20 


254 X 0.1 = 


25 . 4 


20 


40 


4- 


— 








5 


20. 


242 X 1 = 


24.2 


20 


40 


4- 


— 








6 


20 


240 X 0.1 = 


24.0 


13 


33 


4- 


— 








7 
2 


13 


230 X 0.1 = 


23.0 


13 


26 




+ 






2 


10 


232 X 0.2 = 


46.4 


30 


30 






2 


3 


30 


245 X 0.2 = 


49.0 


20 


50 


4- 


— 


Maximum 




2 


4 


50 


258 X 0.2 = 


51.6 


20 


70 


+ 


— 


1 1 




2 


5 
3 


60 


261 X 0.2 = 


52.2 


20 


80 


4- 


+ 






3 


30 


232 X 0.3 = 


69.6 


20 


50 






3 


4 


50 


232 X 0.3 = 


69.6 


20 


70 


+ 




Maximum 




3 


5 


70 


245 X 0.3 = 


73.5 


20 


90 


+ 


— 


< t 




3 


6 
4 


80 


261 X 0.3 = 


78.3 


13 


93 


+ 


+ 






4 


50 


212 X 0.4 = 


84.8 


20 


70 






4 


5 


70 


232 X 0.4 = 


92.8 


20 


90 


+ 


— 


Maximum 




4 


6 


90 


245 X 0.4 = 


98.0 


13 


103 


+ 


— . 


( i 




4 


7 


103 


258 X 0.4 = 


103.2 


13 


116 


+ 


— 


tt 




4 


8 
6 


106 


261 X 0.4 = 


104.4 


13 


119 


4- 


4- 






5 


90 


232 X 5 = 


116.0 


13 


103 






5 


7 


103 


232 X 5 = 


116.0 


13 


116 


+ 





Maximum 




5 


8 


116 


245 X 5 = 


127.5 


13 


129 


+ 


— 






5 


9 


129 


258 X 0.5 = 


129.0 


13 


142 





— 






5 


10 


132 


274 X 0.5 = 


137.0 


10 


142 


4- 


— 






5 


11 


102 


244 X 5 = 


122.0 


20 


122 


+ 









5 


12 


102 


234 X 0.5 = 


117.0 


20 


122 


4- 


— 






5 


13 


102 


224 X 0.5 = 


112.0 


20 


122 


4- 


— 






5 


14 


122 


234 X 0.5 = 


117.0 


20 


132 


— 


— 







^\^lile many wheels on point 1 satisfy the condition, the greatest 
moment will occur when one of the large drivers is at the point, and 
it is therefore unnecessary to examine the point for other wheels. 
The same is true at the center point, 5, the maximum occurring under 
one of the heavy driver wheels. The reactions and the computations 
for the same are ^ven in Table XV. 
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^1 TABLE XV 1 


1 


"JS," 


Eaomon »ob Rtjicnon 


H 


1 i 


2 
3 


R- (I2(MI + 5 X258) - 100 
J? - <12 599 -f- 4 X 261} -y 100 
R = (11 984 + 4 X 254) ■!- 100 
S - (11 334 + 4 X 234 + 2 X 4' ~ 2) -^ 100 


133.31 ■ 
13G.43 V 
130.00 " 

122.86 


i 




R - 12 041 ^ too 

fi - (12 041 + 5 X 25S) + 100 


120.41 
133-31 


3 
3 




* - lOSifi + 100 
R - 12 041 -^ 100 


108. IS 
120.41 


4 
4 
4 




R- (8 728 + 4 X 232) - 100 
R » (lOSie + 4 X 246) -1- 100 
R = (12(MI + 4 X258) - 100 


96.66 
117. »6 
130,73 


5 
t 
6 
S 

5 
S 


1 

10 
11 
12 
13 


fi = (8 728 + 8 X 232) 4- 100 

R ' 12 041 -i-lOO 

R -(12 041+ 6X258) -100 

R -= (13 904 + 2 X 274) *■ 100 

R-{11334+ 5X234 + 2X 5' - 2) - 100 

fi = (9 514 + lOX 214 + 2 X 10- -r 21 -i- 100 

R = (7794 + 15x 104 +2 X 15' -f 2) + 100 


105. M 
120,41 
133.31 
1«,M 

ms9 

117 M 
1D9 39 




Mui 


TABLE XVI 
mum Maments In a Deck Plate-Olnler 







I 



Point 


Wheel 

l-O^T 

2 
3 
4 
5 

3 
4 


E«D,T,oN roB Moment 


Moke NT m 


1 
1 


M = 133 31 X 10 - 80 
.V = l:(G 43 X 10 - 5 X 20 
.w = 130 no X 10 - 5 X 20 
M - 122. S6 X 10 - 5 X 20 


1253 100 
1264 000 
1200 000 
1 128 000 


2 
2 


/./ = 120 41 X 20 - 230 

M = 133 31 X 20 - 480 


2 178 200 
2 186 200 


3 


4 

5 

S 

6 

7 


.1/ = lOS.lO X 30 - 480 
.1/ = 120.41 X 30 - 830 


2 764 800 
2 782 300 


4 
4 
4 


.1/ = 90.56 X 40 - 830 
M = 117. 9C X 40 - 11640 
M = 130.73 X40 - 2 155 


3 032 400 
3 078 400 
3 074 200 


5 
6 
£ 
6 
6 
6 
6 


7 
8 
9 
10 
11 
12 
13 


.1/ = 105.84 X 50 - 2 155 
M = 120 41 X 50 - 2 851 
M - 133.31 X 60 - 3 496 
M = 144,52 X 50 - 4 072 
M = 125.29 X 50 ^ 3 068 
M = 117.54 X 50 - 2658 
M = 109.29 X 50 - 2 248 


3 137 000 
3 169 500 
3 109 500 
3 154 000 
3 196 500 
3 219 000 
3 216 500 
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Table XVI gives the computations of the Uve-load moments at 
the tenth-points, the final results being in pound-feet. 

Whenever any loads were off the left end of the bridge, the lines 
7 to 16 of the engine diagram were used (Fig. 85). For example, with 
wheel 10 at 5, wheel 1 would be off the left end. By looking in the 
second space of line 8, there is found the quantity 13 904, which is 
the moment of wheels 2 to 18 inclusive about a point directly 
under wheel 18. Just to the right of the vertical line through 
wheel 18, is the value 284, which is the weight of wheels 1 to 18 in- 
clusive; but this must be decreased by 10, the weight of wheel 1, As 
that wheel is off the span. As wheel 18 is 2 feet from the right end 
of the girder, the moment about the point is 13 904 + 274 X 2. By 
looking in the second space of line 16, the value 4 072 is found. This 
is the value of the moment of loads 2 to 9 inclusive about a point 
directlv under wheel 10, and must be subtracted from the moment 
of the reaction in order to get the moment at 5 for this loading. 
See Articles 21 and 47 for further information regarding the use of 
the values in lines 7 to 16 of the engine diagram. 

By the help of differential calculus it can be proved that the 
greatest possible moment does not occur at the middle of a beam loaded 
either with concentrated loads or with concentrated loads followed by 
a uniform load, but it occurs under th^ load nearest the middle of the 
beam when the loads are so placed that the middle of the beam is half 
way between the center of gravity of all the loads and the nearest load. 

The wheel which produces this greatest moment is the same one 
which produces the maximum moment at the middle of the beam. 
The exact solution of this problem involves the use of quadratic 
equations, but for all practical purposes the following rule will 
suffice: 

Place the loading so that the wheel which produces the maximum 
moment at the middle of the beam is at that point. Find the distance of the 
center of gravity of all the loads from the right end. Move the loads so that 
the middle of the beam is half way between the center of gravity as found 
above and the load which produced the maximum moment at the middle 
of the beam. Find the moment under that load, with the loads in the position 
just mentioned. 

For the case in hand, wheel 12 at 5 gives the maximum moment. 
The moment at the right end of the span, wheel 12 being at 5, is: 

9 514 -f 10 X 214 + 2 xTo' -=-2 = 11 754 000 pound-feet. 
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( is fta»4aidB&. b Ar asr of ibnn^ phir- 
■ Bti liil Aiiif I III ifc m iMMiit tnr pladnjcdir 

In thc^ «|tatioa». ■ is Ar m^be* af pBarli mOi «ldcli ibc 
■pan w flnirlfil: «»! tJ.t ■■■'^t ^lUjr n!>-s nir the *aine as p^fti in 
Anif'k- A'l. Ktiic-h -bould now tie rei-iewtd. 

For t-uiDQple. k-i ii be retguiivt) lo lietenaine the dead and live 
\i/ai\ ilnar> in ibt- ihnfu^ plate-giider of Article 57. p. 111. 



Tiftal weight on one prdtr = tM s50 lb::. 
Tin- (|(iiil-i'i!iii slKar> art' then fomputed W the mt'thods given in 
Sfri-ii;{lli of MiitcriaU, and art- given a.s follows, it lieing remembered 
tljitr I III' (Tirirctitnitc<! load which comes at the end b one-half a panel 
lomi, i.r ;ilKH} jx.iirnis: 

I., 1,(1 s.Vj 2 nil 175 Ills, - enil shear; 

V, ;H» 17.', - :HNH» - --^- -2130.')lbs.: 

I , :ii) iT.'i - :( (KM) - (i 001) - 2 / ''"'^'^ = 9 ma lbs. 
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where V^ = the shear at the end; F, = the shear just to the left of 
point 1; V.^ = the shear just to the left of point 2; V^= the shear 
just to the right of point 2; and Vc = the shear at the middle of the 
girder. 

The determination of the wheel load position for maximum 
live-load shears is given in Table XVII. By comparing the formute 
Q and Ky it will be seen that for the first panel Q = K, and q = k, 
as n = 1. The position of wheel loads for maximum moments at 
point 1 is the same as for maximum shear in the first panel. Accord- 
ing to Table XII, wheels 3, 4, and 5 at point 1 all give maximum 
shears in the first panel. In this case, as in previous ones, only the 
shear for the first position of the loading found for any particular 
point will be determined, as the difference between this and the other 
cases is too small to warrant the additional labor necessary in com- 
puting them. It is evidently unnecessary to go past panel 3, as only 
the maximum shears are required. 

TABLE XVII 

Wheel Positions, Shears In a Through Plate-Olrder 

(m = 5) 



Point 


Wheel 

AT 

Point 


O 


W 
m 


P 


P+6' 

30 
50 
60 


-4- 




Q 


Remarks 


1 








See Table XII, and 
text above this table 


2 

2 
2 


2 

3 
4 

2 


10 
30 
40 

10 
30 


142 
152 
152 


- 5 = 28.4 
-^ 5 = 30.4 
4- 5 = 30.4 


20 
20 
20 

20 
20 


— Maximum 

— Maxinmin 


3 
3 


116 
U6 


- 5 = 23.2 
-^ 5 = 23.2 


30 
50 




Maximum 



For wheel 3 at point 1, the left reaction (sec Tabic XlIIj is 90.7. 
TTiat portion of wheels 1 and 2 which is transferred to point is 
230 -T- 15 = 15.33; and the shear in the first panel, therefore, is: 

V, = 99.70 - 15.33 = +84.37. 

For wheel 2 at point 2, the left reaction is : 

R = {3 496 + 142 X 5) -^ 75 = 50.10; 

therefore, 

Va= 56.10 - -. - ^ 50.67. 

1 i) 
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vUA SStmmx whM mn iBflaeneF the desifcn in 



* i» 

• if- s Ad ^w, dw CTWBpu ftHiP gf ihr d 
ammtbi^ as al «f ifae load b uniform. 



:l— J^ 



Or^ 









iirmiix- ihe tlead ami live load shears 
r-i ptau'-cinlor of Article 57. 
■nkranil inick is Tti 17">U>s. 

,' "' = - 30 iTd poun.1.'. 
• 7'- iT.i == - :^J 450 pounds. 
v ?•"■ ITS = » 15 2M pounds. 

\ 7'-. 17,-. - - riii';n,>iin.u. 



The position of the wheel loads to pniduce tlio maximum shear 
cannot be detcrmineil hv the sjinie i^'Lition as that used in structures 
which have a svstcm of fioor-lieams ami stringers, for here not a 
portion, hut all of the load to the left of the section, must be sah- 
tracted from the left reaction in order to give the shear. 
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The correct relation for the wheel load position will now be 
deduced. 

I^t Fig. 1 10 represent a beam of span I loaded with a series of 
wheel loads followed by a uniform load. Let P equal the weight of 
the first wheel, W equal the weight of all the loads, and g the distance 
from the center of gravity of all of the loads to the right abutment. 
The distance between the first and second wheel centers is a, and the 
first wheel is at the section 6 - 6 at a distance x^ from the left support. 
Then, 

and 

Vb-h =/?/-- (loads to left of section) = y^. 

Now, assume that the loads move forward the distance a. ITie 
whet»l 2 will be at section 6-6, and Fig. Ill will represent the 
position of the loads. Then, 

p,, W{g_±_a), 

and 

F"b_b = 72,"-P 

W ig 4- a) 



I 



- P 



It is now evident that in order to get the greatest shear at st^ction 
6-6, wheel 2 must be placed at the section whenever r"b-bis 
greater than F'b_b- Then, 

T ^ T ~ ^ > I 

Wq 
Now, canceling out the term y^, which appears on both sides of the 

equation, there results: 

For the engine under consideration, a = 8 feet, and P = 10 000 
pounds, and the equation reduces to : 



w 



>.'', 
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wliicli is to say tbal whfii the load on the girder is greater than 1} 
limes iht span, then whct-l 2 should hv placed at the section in 'mler 
to (rive the maxiiiiiim .shear. 

For loading E 40, the followin)? is tnie: 

For nil KfrtioifJt up In anil im-htding tlw renter of all cpnin, jilacr 
wl>eel2 at tlie section to ffiiv the maximum shear. 

In Fip. Ill it is immatenHi whether or not any additional liwii' 
come on the span at the right end when the loads move furwanl the 



p — i Jz. — — ' 



< 



Fig. 111. Benoi of Fl«. 110 vr'nh Louils Moth] Farwanl 

dislanee a, as they would only tend to increase tlie left reaction ami 
therefore the shear I "t, _ i, ■ If the relation deduced is true for the 
case when no extra loads come on at the right end, it will be trtie 
when they do. 

The live-load .shears at the left end and at the tenth-points, 
wheel 2 being at the section in all cases, are computed from the gen- 
eral forniuliL, which is: 

V = K- I P, 



If = Left rcaftkiii; 
J' /■ '■- All loii.ls tci Ivft ot sfction, and is equal to 10 000 pound* for 
all si-cliuns except (licciulof (lie girder. 

Tlie computations and results can \k conveniently placed in 
tabular form, and are given in Table XVIII. 

In order to illustriitc the use of the relation ir> 1 —-/, let point 

3 in die aliovt- s|Kin 1h- taken. Place wheel 2 at point 3; then, as 
wheels 1 to i:! iin- on the girder, the total weight if is 212. As / = 
ion. \\l = 12rj. Therefore, as 212 is greater than 125, wheel 2 is 
the correct wheel. 
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TABLE XVIII 
Maximum Shears In a Deck Plate>Olrdcr 



(13 904 + 4x274)-;- 100 

1 (12041 + 6X258)-^100 

2 , 10 816-^100 

3 '( 7608 + 4x212) 

4 |{ 5848 + 4Xl72) + 100 

5 ( 4632 + 2x152) "~ 



R 
150.00 


n 


i3;(,ai 


1(1 


108.16 


ir 


85.16 


111 


65.36 


1(1 


49.36 


10 



150.00 Wheel 18, 4 ft. from rt. end 
123.31 Wheel 16, 5 ft. from rt. end 
98.16 Wheel 15 at fifchtend 
75.16, Wheel 13, 4 ft. from rt. end 
55.36' Wheel 11, 4 ft. from rt. end 
39.36 Wheel 10, 2 ft. from rt. end 



Tile ciirvfs of maximum live-load moments and shears are shown 
in Fig. 112. They should always be drawn. From them the shear 
or moment at any desired section 
can be determined. For exam- 
ple, let it be desired to determine 
the maximum live-load shear and 
moment at a point 24 feet from 
the left end of the girder. By 
drawing the ordinate, shown by 
a broken line in Fig. 112, and 
scaltng, the following values are 
found: 



r^ = 88 000 pounds; 

-U.. = 2 440 000 pouii.l-feet. 

A similar set of curves fur 
the deud-loail shcarsand moments 
should be made. Tlie set for the 
deck plate-girder in hand issliown 
in Fig. 113. Tlie.se an- ea.sily 
constructed by lajingoff the nmx- 
imum values of the shear at the 

end, and the maximum value of v,^. m curvrs .,f Maitmiim Live-Load 

the moment at the center. 'Hie 

ihear cun'e is a straight line from the end to tlie center, while the 

moDtent cun'e is a parabola from the center to the end. 

The stresses in the lateral systems of pliite-ginlersariTomputod 
a a manner the same as tliat employed for the lateral .-ivstems of 
ttuaaes, the unit-load being taken according to the specitica tions used. 



= 


3 


^ 


s 


.^•. »> ^£1 


X !« J 


K -? 4 


- ^L jS"^ « ^ = 


1 SyS ^ JL 


J..,.».| 14 jtjf 


i , cq: ''Or 


J 1j4^^' i i 


i--p^S-4- 




T 1 1^ S '^ 


7 1 1111 -t 1 ] 


i--.m=-=^^ 
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TW stresses in plate-ginjm 
Ctmstniclion, Part IV, 
lo this treatise for infoN 

!> th^ distancr tToat- 
v^panR- TIbs disturf*, ill (uin. dependfr 







I «f ikr i^irArT- CrrtiiD apfmoiniate nili-s Imvv l>ni> 

- - - vItx- ihi>- t*iii the foIloH-inp formula ^"ill 

piau- in a«\>nian«> «ith Ivst modem 



:■ lie,' : - .M3 



For ox.inij'io. Ki it K ivi^uin^i lo dctrmiinp llie width of the 
web pUto of ;i pl;Ut.--irlnUT of sMooi ^paii center to center of end 



isay S6) inchw. 



If thf resulumi value had Ixx'n >^'> inches, the width would have been 
taken as citlior S4 or .■^). The n>:ison for this is that the wide plales 
kept in stock at the mills are usuallv the even inch in width and can 
theri'fore l)e procure*] more quickly than if odd -inch widths weW 
ordered, in which case the purchaser would he forced to wait until 
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they were rolled — often a period of several months. The distance 
back to back of flange angles, the so-called depth of girder, is one-half 
inch more than the width of the web. This is due to the fact that 
each pair of flange angles extend one-fourth inch beyond the edge of 
the web plate, so as to keep any small irregularities caused on the 
edge of the web plate by the rolling, from extending beyond the backs 
of the angles. 

EXERCISES AND PROBLEMS 

1. Determine the maximum positive shears in the first six panels of 
a 9-panel 114-foot Pratt truss, the live panel load being 8.0. Use the exact 
and also the conventional method. 

Answer: 



y. 
y. 




Exact Shears 



Conventional Shears 



+ 32.00 
-I- 24 . 54 
+ 18.05 
+ 12.48 
+ 7.85 
+ 4 50 



+ 32.00 
+ 24 . 90 
+ 18.70 
+ 13.35 
+ 8.90 
+ 5.34 



2. Find the maximum and minimum stresses in L^V.^ and* f/^^a of an 
S-panel 160-foot through Warren truss. Height 20 ft.; dead panel load 10.00, 
all on lower chord; live panel load 12.00. 

Answer: In L^fJ^: d. 1., - 28.00; 1. 1., - 35.30 and +1.08; 
max., -63.30; min., -20.32. In V J.^\ d. 1., + 10.80; l.l., + 25. 20 
and —5.04; max., +42.00; min., + 11.76. 

3. In the truss of Problem 2, determine the maximum stress in LJj^ 
by the method of moments, and also by the tangent method. 

Answer: d. 1. = +67.50; 1.1. = +81.00; max. = +148.50. 

4. Determine the dead-load stresses in the members V Jj., and LjJJ ^ 
of a 9-panel 180-foot through Warren truss. Height) is 24 feet; dead panel 
load is 10.0, one-third being at each panel point of the upper chord, and two- 
thirds being at each panel point of the lower chord. 

Answer: [/^L^ = +30.60; L,[7, = -1.80. 

5. Determine the stress in the counter of a through Howe truss of 8 
panels and 160-foot span. Height is 30 ft.; dead panel load, 9.(); live panel 
load, 11.5. 

Answer: —4.69. 
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6. In the truss of Problem 5, determine the maximum and minimum 
stress in U^„ ^t^v &nd L,C/^. 

Answer: 



• 


r/.i.. 


L,U, 


L.U, 


d.l. 
1.1. 
1.1. 


+ 20.80 
+ 30.30 
-14.40 


-17.30 
-25.00 
+ 5.18 


- 5.76 

-17.30 

0.00 


Max. 

Min. 


+ 15.10 
+ 19.36 

— i 


-43.20 -23.06 

-21.20 ± 0.00 

1 




Fig. 114. Deck Parabolic Bowstring Truss. 

7. In the deck parabolic bowstring truss of Fig. 114, determine the 
maximum stress in L^L^j L^U^y and UJj^. The dead panel load is 4.0, all 
on upper chord; and the live panel load, 20.0. 

AxswKu: L,L^ = +2()1 .9; L^l\ = +21 .S; VJj^ = — 33.6. 




6 Qtl5«9tf 



Pig. 115. Through Bowstring Truss. 

8. In the through bowstring truss of Fig. 115, determine the maximum 
stress in VJj^ and L^U-^t the dead panel load being 5.0, and the live panel 
load 15.0. 

Answer: f/^L, = +33.50; L^ir, = +38.0. 
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9. Determine the maximum and minimum stresses in the members 
r/,L|, UyL^f UJj2j and UJj^ of a 7- panel 175-foot through Pratt truss 30 feet 
high. Dead panel load is 10.0, all on lower chord; live panel load is 15.0. 



A NSW 


EH 


• 

k « 










V,L, 


U.L, 


U,L, 


U,L, 


d. 1. 
1.1. 
1.1. 




+ 10.0 

+ 15.0 

0.0 


+ 20.00 
+ 41.70 

- 2.78 


-10.00 
-21.40 
+ 0.42 


0.00 

-12.85 

0.00 


Max. 
Min. 




+ 25.0 
+ 10.0 


+ 67.70 
+ 23 . 22 


-31.40 
- 3.58 


-12.85 
0.00 



10. Determine the maximum and minimum stresses in the members 
t/,mj, mj^^y t/^Lj, and m^U^ of the deck Baltimore truss shown in Fig. 116. 
Dead panel load, 30 000 lbs.; live panel load, 50 000 lbs. One-third of dead 
panel load is applied at the lower ends of all the verticals. 



ANSWER 


• 

i m 










l\fn. 


m,/.3 


r,L, 


rn,r. 


d.l. 
1.1. 
1. I. 


+ 190.8 
+ 333.5 
- 15.1 


+ 84.8 
+ 191.5 
- 50 5 


-110.0 
-211.0 
+ 10.7 


+ 21.2 

+ 56.6 

0.0 


Max . 

Min. 


+ 524.3 
+ 175.7 


+ 276 . 3 
+ 34.3 


-321.0 
- 99.3 


+ 56 6 
+ 21.2 



11. In the truss of Problem 10, determine the maximum .stress in 
M2U2 and fj^L^. 

Answer: M^U^= -840.0; LJ^, = +060.0. 

12. Determine the position of the wheel loads of Cooper's E 40 loading 
to produce the ma.ximum positive live-load shears in the panels of a 7-panel 
175-foot Pratt truss. 

Answer: L,,wheel4; Lj* wheels 3 and 4; L3,whccl3; L^, wheel 
3 ; Lj, wheel 2 ; L^, wheel 2. 

13. Determine the maximum positive live-load shears for the truss 
of Problem 12. 

Answer: V^ = 192.8; V\ = 137.8; l\ = 90.8; 1\ = 52.6; 
F, = 25.0; r, = 6.8. 
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14. Determine the position of the wheel 
loads of Cooper's E 40 loading to produce max- 
imum moments at the panel points of the truas 
of Problem 12. 

Answer: L^, wheel 4; L,, wheel 7; 
L„ wheels 11 and 12; L^, wheels 13 and 
14. 

15. Determine the maximum moments at 
the panel points of the truss of Problem 12. 
Loading, Cooper's E 40. 

Answer: 3fj = 4 820 000; M, = 
7 745000; JIf, = 9192000; If, = 
9 082 000, all in pound-feet. 

16. Compute the maximum live-load web 
stresses in the truss of Problem 12, the height 
being 32 feet. Loading, E. 40. 

1 7. Compute the maximum live-load chord 
stresses in the truss of Problem 12, the height 
being 32 feet. Loading, E 40. 

18. Compute the impact stresses for all 
members of the truss of Problem 12. 

19. Determine the maximum live-load 
shears at the tenth-points of a 65-foot span 
deck plate-girder. Loading, E 40. 

Answer: F, = 103.0; V^ = 86; F, 
= 69.7; F3 = 54.5; F, = 40.8; F, = 
28.4. 

20. Compute the shear due to impact in 
the girder of Problem 19. 

Answer: \\ = 84.7; F^ = 71.5; F, 
= 58.8; F3 = 47.0; F,= 35.6; F, = 
25.4. 

21. Compute the maximum live-load 
moments at the tenth-points of the girder of 
Problem 19. Loading, Cooper's E 40. 
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Answer: 








Point 


Wheel 


« 

Moment 


Impact Moment 


1 
2 
- ■ * 3 
4 
6 
t.4S' from center 


2 
2 
3 

4 
4 
4 


6 540 
11320 
14 860 
16 850 
16 860 
16 920 


5 520 
9 520 
12 500 
14 050 
14 530 
14 650 



AH moBisiits are in thonsanda of pound-inches. 
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BRIDGE ENGINEERING 



PART 11 



BRIDGE DESIGN 

60. General Economic Considerations. The prime considera-. 
tion which influences the decision to build is cost. After the decision 
to build has been made, the problem is one of a purely engineering 
character, whereas in the first case it was one of either a jx)litical or 
an engineering character, or l)oth. I'lie engineering problem is an 
economic one, in which maximum Iwnefits must be obtaintnl at a 
minimum cost. 

A map of the proposed bridge site and the approaches, as well 
as of the countrj' for a considerable distance? up and down stream, 
should be nunle. This map should show the contours, the soundings, 
tlie l)orings, the high and low water-mark elevations, and the (excep- 
tional flo<34l line. On this map the bridge should Ik» plotted in its 
proposed location and also in various others. In the case of each of 
these.' l(K-ations, various schemes taking into account diH'erent nuniln^rs 
of piers and spans should Im' considennl. 

Sevend authors have attem]>ted to j)resent f(>nnulje having a 
more or less theon^tical derivation and purporting to indicate the 
correct numl)er of piers and spuns for a minimum cost. The use of 
these formuhe should not 1h» encourai^'d, since tlicv do not in anv case 
give results close enough to serve for anything but a i*ougli guide. 

The cost of abutments will varv somewhat with tlie location and 
the character of the approach. This variation is usually small, and 
orduiarily an approximate location of the abutments can be (juickly 
made. As the numl)er of abutments is in all cases constant, their 
effect upon the problem of the location of the bridge is small, the main 
proposition being that of the cost and the number of piers and spans. 

The cost of the piers will usually not 1h' constant, thosr cIosct to 
the middle of the stream costing more on account of the depth of the 
water and the more difficult character of the finmdation. Piers 

CopyrighL t9(tH, by American School of Correspondence. 
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should not be placed on a skew; neither should they be placed directly 
in the maximum Hne of action of the current. If a skew is unavoid- 
able, it should be as small as {X)ssible. The cost of piers should be 
ascertained by the most can^ful estimates. In the case of small 
bridges where there are only one or two piers, the matter is verj^ simple, 
but with a considerable numlx^r of piers the problem l)ecomes very 
* complicated and requires weeks and sometimes months or years for 
its solution. 

The determination of the cost of the superstructure is a com- 
paratively simple matter. In certain instances the class of bridge is 
limited to some extent by the specifications. Cooper, in Article 2 of 
his ** Specifications for Steel Railroad Bridges and Viaducts*' (edition 
of 1006), gives the following: 

Types of Bridges for Various Spans 



Spans 



Up to 20 f(M«t 

20 to 7.') " 

7,') to 120 " 

120 to ]')() '' 

Over \:A) '' 



Kind of Bridoe 



Rolled beams 
Riveted plate-girders 
Riveted plate- or lattice-girders 
Lattice or pin-connected trusses 
Pin-connected truss(»s 



On(^ railroad express{\s a preference for plate-girders for all spans 
from 20 to 11 o feet; and for spans from there to 150 f(*et, riveted 
trusses. 

The c|Uestion as to whether the Imdge will be deck or through 
is ()ne which is decided by the controlling influences of watcr-iray, 
false work, time of erect ion , and extra cost of masonry. If the clear 
height required for the water-way is sufficiently small, the deck 
bridge should l)e chosen, as in this class the cost of false work is less, 
the time of erection is less, and the cost of masonrv is less bvan amount 
ecjual to the cross-section of the piers times the depth of the tniss. 
Deck bridges also cost less than through bridges of e<jiial span. 

The conditions jx^rmit ting, girders should l)e uscxJ in preference 
to trusses. While for ecjual spans ginU^rs are heavier and therefore 
a)st more, the steel work alone Inking considered, little or no false 
work is .re([uired, and the time of erection is much less than in the 
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case of tnisst*s. This makes the total cost of girder bridges less than 
those in which trusses are used. Another item in favor of girders is 
their great stiffness. 

^^^lile pin-connected bridges cost less and are easier to erect, 
their stiffness is not so great as that of riveted bridges, which cost 
more. The time required for the erection of riveted bridges is also 
greater than that for pin-connected bridges. This b on account of 
the great amount of time required to make the riveted connections. 
For long spans, say over 200 feet, it is necessary to use pin-connected 
bridges, as the extreme size of the connection plates prohibits the use 
of the riveted tj'pe. Also, it is unnecessary to use riveted long-span 
trusses to obtain stiffness, as the weight of the pin-connected bridges 
is so great when compared with the live load that sufficient stiffness 
is obtained. 

The cost of spans of different lengths and character may be 
obtained directly from the bridge companies; or their weights may 
be computed from the formula* given in Article 20, p. 9 (Part I, 
"Bridge Analysis"), and multiplied by the unit price which' your 
experience indicates is correct, thus giving the total cost. 

Evidently the solution of problems of this nature cannot be 
made within the limits of this text, but the follownig example will 
tend to indicate somewhat the manner of proceilure in a problem of 
this kind. For example, if the length between abutments is 1 400 ft., 
the cost of each abutment is S12 000, and the cost of each pier is 
$15 000, then, if wc have fourteen 100-foot plate-girder spans, each 
costing S4 3(X), and thirteen piers, the total cost will Ix^ ?27i) 2(X). On 
the other hand, if nine piers and ten 140-foot truss spans, each cost- 
ing S9 200, are used, the cost will Ije S2ol 000, showing a balance of 
$28 200 in favor of the truss scheme. The live loading is E 50. 

01. Economic Proportions. The depth of girders is given in 
Article 59, Part I. 

In the case of trusses, the effect of an increase in the height 
is to incrt*ase the stresses in the web menil^ers and to. decrease the 
stresses in the chord members. This variation does not affect the 
weights to any considerable extent; in fact, a variation of 20 per cent 
in the height will not affect the weight more than 2 or 3 per cent. 

The height of the bridge is usually fixed l)y some considerations 
which are in turn determined by the sjx'cifieations. The height must 



143 



134 



BRIDGE ENGINEERING 



AC 



35 



30 



be sufficient to clear whatever traffic will pass through. It should 
also be sufficient to prevent overturning on account of the wind 
pressure on the truss or on the traffic. In addition, the height of the 
bridge is influenced by the depth of the portal bracing. A deep 
portal bracing is desirable, in that it stiffens the trusses under the 
action of the wind and the vibration due to the passing traffic; but 
a deep portal bracing increases the height of the truss and therefore 

the bending in the 
end-posts due to 
the wind. Judg- 
ment on the part 
of the engineer 
should be used in 
order to determine 
the limiting height 
for sccurin gamax- 
imum amount of 
benefit as regards 
stiffness and a 
minimum amount 
of bad effect due 
to the l)ending in 
the end-posts. Fig. 
117, which gives 
the height for any 
given length of 
span, may be said 
to rt*pres(»nt the lx?st mo<lern pmctice (UK)S). Variations of a foot 
or more from those given do not affect the weight to any appreciate 
extent. 

The distance from center to center of trussc\s for highway 
bridges depends uix)n the width of the street or, if in the country, 
the width of the roadway. Stn^ets, of course, vary in width in differ- 
ent localities, but country highway bridges usually have a roadway of 
fn)m 14 to 16 feet in the clear. 

In the case of railroad bridges, the distance from center to center 
of trusses depends upon whether the track is straight or on a 
curve, and also upon whether the bridge is a deck or a through bridge. 
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The actual amount varies in most cases, and is fixed by specification. 
Some specifications reiiuire that when the track is straight, the dis- 
tance from center to center of trussc^s shall be 17 feet; or that, in case 
one-twentieth of the span exceeds the 17 feet, then one-twentieth of 
the span shall be used. 

For deck plate-girders the common practice appears to be to 
space them as given l)elow : 

Width of Plate-Girder Bridges for Various Spans 



„ Distance Center to Center of 

°**-^^'*' Platk-Girder» 



I'p to Go feet 


6 feet C inches 


05 to 80 '* 


7 feet inches 


<S0 to 115 '' 


7 feet G inches 



For through plate-girders the spacing should be such that no 
part of the clearance diagram will touch any part of the girder. In 
case of double-track plate-ginlers with one center girder, great care 
should be exercised in orrler that the center ginler shall not be so deep 
nor have so wide a flange as to interfere with the clearance diagram 
(see Fig. 126). 

On account of the wind on a train which runs on track placed 
at the elevation of the top chord of deck bridges, the overtuniing 
effect is exceedingly great, and spc^cial care should be taken that the 
height and width are such as to prevent overturning. 

In through bridges the clearance must l)e such as to allow the 
clearance diagram to pass. Special attention should be paid to the 
knee-braces and also to the portal braces. When the bridgt* is on a 
tangent, the spacing of the trusses is a comparatively simple matter, 
being just sufficient for the clearance diagram; but on curves, allow- 
ance must l)e made for the tilt of the diagram due to the super- 
elevation of the outer rail, and also allowance must Ih» made for the 
fact that the length of the cars between trucks forms a chord to the 
cur\'e, and as such the middle ordinance must be taken into account. 
It IS also necessary to allow for that part of the car which projects 
over the trucks, as this will extend bevond the outer rail bv an amount 
greater than one-half the width of the clearance diagram. (See 
Kgs. 119 and- 120.) 
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G2. The Clearance Diagram ; 

The clearance diagram is not 
supposed to represent the outHne 
of the largest engine or car which 
may run over the Hne, but n^pre- 
sents the maximum amount of 
space which may be taken up by 
objects which are to be shipped 
over the Hne. For instance, the 
lower part of the clearance dia- 
gram may allow for snow-plow 
or ballast distributors, and the 
upper part may take into account 
the passage of such material as 
carloads of luml^er, piles, or tele- 
graph pctles. The standard clear- 
ance diagram of the Lehigh 
Valley Railroad is given in Fig. 
118. This diagram is for the 
clearance on straight track only. 
On curves, the diagram tilts as 
shown in Fig. 119, and to allow for this tilting the Lehigh Valley 
Railroad requires 2j inches additional clearance on the inside of 
curves for each inch of elevation of the outer rail. In addition to this 
tilting effect, the clearance should also be increased on account of the 




Fig. 119. Clearance Dlaforam on Curves, 
Showing Tilting. 




Pig. 120. Standard Car on Curve. Showing Necessity for Wider Spacing of Trusses. 

length of the cars and their projection over the outer and inner rails. 
Fig. 120 shows a standard car acconling to the specifications of the 
American Railway Engineering & Maintenance of Way Association, 
in such a position on a single-track span as to show the effect of the 
curve upon the )i\idening of the spacing, center to center of trusses. 



147 



wiik; as tlw clrarancr dixf^m, 14 f<x-l for sinf^r 
that tbt: lrus*.-s cannot bo spaced so as lo interfere wi 
ance line of the IhhIt of t)H> otr «ik1 its projecting c 
cIcanuKT linr.t are represented as broken lines in Fig. I'X.t 
mmAede-e. Note that ihccniterof the tnick isseldomin thn 
of tlie ftoor-Wam. Also, it is evident that tlie sharper t 
the greater the n-<)ui[ed distance betMfcn tniK^s, and »tx 
the gn-ttlcr the floor-lieams in tengtli. Tliis varies the 
different flo(>r-bcatn:« and therefure innkvs tfaem more cost)]r, 
strinfieni, aL-«o, an- more costtv, on account of the r;it-t that thdrS 
aie skewed. On account of the ccccnlricilj' of the track, ODfJ 
takes more of the loa4l than tlic other, and therefore the tni 
not the same — a fact which furtlier increases the e«st. 

Fnmi (lie almve it is seen that ahuost alt conditions ii 
tlie building of a bridge on a cur\-e tend to increase the ctai'^ 
hence a fundamental principle of bridge engineering: Atvidb( 
itig bridges on eurrrt. 

G3. Weights and Loadings. For the weight of steel io I 
particular span, and for the loading required for any particulard 
of bridge, see Articles 20 to 23. Part I, The weight of die ties a 
the rails ami iheir fastenings is usually set by the speciHcations at 
40() pounds i>er linear foot of track. For highway bridges the weight 
of the wcmden floor is ii.sually taken at A\ pounds per sijuare toot of 
roadv^ay for even,' inch in thickness of floor. 

Highway bridges an' divideii Into different classes according to 
their loadings (see CiwiHr's Si>ecifications*. The tlecision as to ihe 
eliiss to l>e emplovtHl deftends somewhat upon the distance to the 
in'jiri'.'^t bridgt' iienvvs the siime slreiini. In case the nearest bridge 
is only a few miles away and is of heavy conslniction, it is not actually 
nceessiry to const nii'I a heavy bridge :it the prop<}sed site, the heavier 
tnithc U'iiig reijiiireii In pass over die other bridge. In ease a heavy 
bridge is not in the nciglibi)rho<Hi, then one should be constructed at 
tlie proiXJStHl site. If die iinnxiseii site is on a road connecting adja- 
cent towns of large si/e. llien a heavy bridge should l)e constructed 
and jirovisinn iniule fi>r future interurlKin traffic, even if none is it 
tliiit lime in view, since it will Iv more economical to do this than to 
cn-ct II new bridp' in the fuluH'. 
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In the case of railroad l)ridges, new ones are nearly always con- 
structed to carry the heaviest main line engines. These are usually 
of a class corresponding to Cooper's E 40 or E 50. In some localities 
branch-line bridges are l>uilt for the same live loadings; but in the 
majority of cases the branch-line bridges consist of the old bridges 
from the main line. 

64. Specifications. For any particular bridge the specifica- 
tions are either written by the engineer in charge, or some of the very 
excellent general specifications which are on the market in printed 
form are used. Some railroads use these general specifications 
with the addition of certain clauses which are desired by the chief 
or bridge engineer. The principal differences in these general 
specifications are in reganl to the allowance for impact. 

Whenever highway design is mentioned in this text, it is to be in 
accordance with Cooper's Highway Specifications (edition of 1901). 
Wherever plate-girder design is given, it is in accordance with Cooper's 
Railway Specifications (edition of 1906); and wherever truss design 
is given, it is in accordance with the general specifications of the 
American Riiilway Engineering & Maintenance of Way Association 
(second edition, 1906). 

65. Stress Sheet. Before the sections are designed, the com- 
puter makes a skeleton outline of the truss, and on this places the 
dead-load and live-load streSvSes, and, in case the wind should be 
considered, the wind-load stresses. This is sent to the designer. The 
designer determines the various sections, and also the moments and 
shears in the stringers and floor-beams. These are placed on a sheet 
usually 17 by 23 inches. This is called a stress sheet. This sheet is 
now given to the draftsman, who makes a shop drawing. The stress 
sheets for railroad bridges are usually more elaborate than those for 
highway bridges. Plate I is the stress sheet of a highway bridge; 
and Plate II (Article 7S) and Plate III (Article 93) are examples of 
the best modem practice in the making of plate-girder and truss- 
bridge stress sheets. 

66. Floor System. Perhaps no part of bridge design is better 
standardized than tlie constniction of the open steel floors for 
railroad bridges. The stringers are usually placed 6 feet () inches 
apart, and consist of small plate-ginlers, or, if the panel length is 
.short, of one or more I-l)eams. I-beams are economical in regard to 
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TABLE XIX 
Safe Spans for l-Beams 

(Based on unit-stress of 10 000 lbs. per square inch in extreme fibre) 



h S 


^ g \^ ^ 1 ' Enoin'e Class E 40 


Engine Class E 50 


^a ^=^7i».6^' Safespaj 
2=» ^^SP^^ 1 Beam 


1 C to C of Bearings 
2 Beams 3 Beams 


Safe span C to C of Bearings 


1 Beam 


2 Beams 


3 Beams 


ac-i4 ^a.wi*n t-^-- 


per rail 


per rail 


per rail 


per rail 


per rail 

4 ft. 9 In. 

5 •• '• 
5 •• 3 " 
5 •' 9 •• 


per rail 


9 in. 


35 

ao 


93 


1 




5 ft. 3 In. 

5 •• 9 '• 

6 •• 6 " 
6 " 9 " 


7 ft. 9 in. 

8 •• 9 •• 

9 •* 6 " 
10 " ** 


7 ft. Oln. 


9 '• 


102 


............. 


7 '• " 


9 •• 


85 ! 113 . 
90 135 






7 " 9 •• 


10 " 


3 ft. 6 ill. 


3 ft. In. 


8 •• 6 " 


10 *• 


95 


163 


4 *• 3 " 


8 •• 6 •' 


11 ♦♦ •• 


3 '• 6 " 


7 '• •• 


10 " •• 


10 " 


40 


175 


4 ♦■ 6 •• 


V> •• " 


12 ♦' *• 


3 " 9 •• 


7 •• 6 " 


11 •' " 


IS '• 


81 H 218 


; 4 " 9 " 


U '• 3 " 


12 ** 9 *♦ 


; 4 •' '• 


7 •' 9 '• 


11 " 8 " 


IS •• 


40 


274 ' 5 •• 9 '• 


11 •• 6 " 


13 •' 9 •• 


1 4 " 9 " 


9 •' 6 " 


12 " 8 " 


19 •» 


50 


833 ' 7 *' 3 •• 


13 '• 6 •' 


1ft •' 3 '• 


•' " 


11 '• 8 *' 


13 " 6 '• 


19 *• 


65 


403 , 8 •• 6 •♦ 


13 '• 9 * 


16 *' •• 


7 " *• 


13 *' 3 •' 


15 •• " 


15 •' 


43 


443 7 •' 6 " 


12 " 9 *' 


15 •* 6 •• 


6- 3 *' 


11 " 6 " 


14 •• " 


15 •• 


50 


515 


8 •• 6 •• 


13 •• 9 *' 


16 " 3 •• 


7 " 3 •• 


13 " ** 


15 '• 3 •• 


15 " 


00 


619 


; 10 •' 6 " 


15 •♦ 8 *• 


19 " '• 


8 '* 9 •* 


13 " 6 •• 


16 *' 9 •' 


15 *• 


70 718 


i 11 " 6 •' 


16 •• 6 '* 


20 " 9 •• 


10 " 3 •' 


14 " 9 '• 


18 •♦ 6 •• 


15 " 


80 774 


12 •• '♦ 


17 *' 3 •• 


21 " 6 " 


10 *• 9 '* 


15 " 3 •' 


19 •• 3 " 


18 •• 


55 800 


11 •' •* 


16 •' •' 


20 '♦ •• 


9 " 6 '• 


14 •' '• 


17 " 9 •' 


18 •' 


05 


890 11-9 *' 


16 •♦ 9 " 


20 '• 9 • 


10 *' 6 *• 


15 '• " 


18 •' 9 " 


18 •• 


75 


1023 12 •• 6 - 


18 "0 •♦ 


23 " 6 *• 


11 '♦ 6 " 


16 " " 


20 •• •' 


18 •• 


80 1083 13 *• 9 " 


18 •♦ 9 '• 


28 '• •' 


11 •• 9 •• 


16 " 6 " 


20 " 6 " 


18 •• 


00 


1 1K8 13 •' 6 '• 


19 " 6 " 


24 " 6 " 
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first cost, but are disadvantageous on account of the eccentric con- 
nections which necessitate heavy brackets to n\sist part of their re- 
action. Tliey are also somewhat undesirable on account of the fact 
that, the ties deflecting, most of the load is carried by the inner 
I-beam. However, I-beams for stringers and for short-span bridges 
(see Fig. 121) are much useil in present practice, and give good re- 
sults. Figs. 121 to 127 show the standard ojn^n floor sections of tlie 
liehigh Valley llailroad. Tal)le XIX gives the recjiiired number of 
I-beams, together with their weight, which an' to l)e used for short- 
span bridges or a^ stringtTs in panels of given length. 

Solid floors consist of angles and plates, channels and plates, or 
Other shapes. They extend transversely across the bridge from truss 
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Pig. 121. Sectional View Showing Open-Floor Construction of 

Railroad Bridge of Short Span, Single I'raek. I-Beams 

used for Stringers. Lehigh Valley Standard. 
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Pig. 122. Section of Open-FUwr Construction of Deck-Girder 
and Truss Hridire. Single Track. L«'high Valley Standard. 
1 Male-Girders used for .Stringers. 

HTtly iii>()n the steel floor, and the bulhist [)ut 



to truss, the lower 
chords, in case of 
truss bridges, be-' 
ing made heavy 
enough to act as 
girders as well as 
tension members. 
Figs. 128 to 130 
show sections of 

• 

solid floors. The 
ballast is laid di- 
rectly upon these 
solid floors, which 
are first covered 
with a good damp* 
proof paint. The 
floors should also 
be supplied with 
good drainage fa- 
cilities. 

Concrete is 

.sometimes laid di- 

uiK)n this concrete, 
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BHg. 123. Floor Construction of a Through-Olrder Bridge, Single Track. 

liehigh Valley Standard. 
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which has previously had a 
layer of some good waterproof- 
ing applied on its upper sur- 
face. 

67. Practical Considera- 
tions. The possibilities of the 
rolling mill and the various 
shops of a bridge company, 
such as the drafting room, 
foi^, foundry, templet shop, 
assembling shop, and riveting 
and finishing shop, and also 
the shipping and ereci'ng facil- 
ities, should be well known in 
order to make the most eco- 
nomical use of them. This 
requisite knowledge comes 
only from experience. The 
best way to obtain this experi- 
ence without being actually 
employed in the shops, is to go 
into the shops every chance 
that presents itself, keep your 
eyes and ears open, and ask all 
the questions you can. The 
use to be made of handbooks 
of the various steel manu- 
facturers is given in Part I 
of "Steel Construction," and 
should be thoroughly studied 
before going further. Some 
one of these handliooks is in- 
dispensable to persons design- 
ing steel structures. That of 
the Carnegie Steel Company 
(edition 1903) is one of the 
beat, and will be frequently 
Inferred to in the present text. 
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G)pies may be procured from the Carnegie Sted Company, Frick 
Building, Pittsburg, Pa. The usual price to students is 50 cents, 
to others $2.00. 

DESIGN OF A PLATE-GIRDER RAILWAY-SPAN 

68. The Masonry Plan. In some cases the general dimensions 
of the masonry are limited; such a case, for example, would occur in 
the crossing of a street or narrow waterway. Here the length of the 
span and the distance above the street or the surface of the water, 




IhainPipc^ 

Fig. 129. Solid-Floor Construction of Plates and Angles. 

are the limited dimensions. The span and undeiM^learance may be 
unlimited, as in the case of a country stream crossed by a roadway 
which is a considerable distarice above the surface of the water. 
The term unlimiUd is not here used in its exact meaning, as the span 
in this case is really limited by the cost, which rapidly increases with 
the length of the span. 

In somfe cases, as when the engineer is in a bridge office, the 
masonry plans arc sent in by the railroad. In such cases many of the 
limited dimensions are fixed. The most usual dimensions to \ye fLxed 
are the elevation of base of rail, the elevation and size of the bridge 
seat, and the length of the span under coping. These limit the 
depth of the girder, or the depth of the floor if it be a through 
ginler, and also limit the length of the bearing plates at the end. 
Fig. 181, the masonry plan of a road crossing, shows in general what 
can Ik? expected. All the dimensions usually fixed are given, and those 
marked a: and y may or may not be, but a- should never be less than 
3 feet. 

GO. Determination of the Class. As l)efor(» mentioned, the 
deck plate-girder should be used if possible, since its cost is less. 
There are some cases, however — such as track elevation in cities — 
where the additional cost required to elevate the track so as to use a 
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deck plate-girder will more than balance 
the saving in its favor. In such cases the 
through plate-girder is used. 

The case whose design is under con- 
sideration will be taken similar to that of 
Fig. 131, and the span will therefore be a 
deck one. 

70. Determination of the Span, Cen« 
ter to Center. Fig. 132 shows the various 
spans — ^namely, tinder coping, center to cen- 
ter of end hearings f and over all. The span 
inider coping is that span from under cop- 
ing to under coping lines of the abutments, 
and is so chosen as to give the required dis- 
tance l>etween the abutments at their base. 
The span center to center is equal to the 
span under coping plus the length of one 
iK^aring plate. The span over all is the 
extreme length of the girder. The length 
of the bearing plate is influenced by the 
width of the liridgc seat, and also by the 
maximum reaction of the girder. The 
length should seldom be greater than 18 
inches and never greater than 2 feet, as 
the deflection of the ginler will cause a 
great amount of the weight to come on the 
inner (*dge of the bearing plate and also on 
th(» masonry, in which case the masonry is 
liable to fail at that point and the Ix^aring 
plates are over-stressed. 

Cast-steel bearings are now almost 

universally used. They decrease the height 

of the masonry, and distribute the pressure 

more evenly and for a greater distance 

over the bridge seat. WTien these castings 
are used, the bearing area Ix^tween them 

and the girder may be made quite small, 

thus doing away to a great extent with the 
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-2X (i X 1 ft. 9 in.) = 61 feet 



to center of bearings will be i 
) inches. 

In Articles 71 to 77 the above girder will be designed; and also 
nich information as is of importance reganling the subject-matter 
>f each article will be treated. The dead- and live-load shears are 
»mputcd by the methods of Part I , and are given in Fig. 1 34. 

71. Ties and Guard-RaJIs. The length of tics for single-track 
tiridges islOfeet. 
For double-track — ^ 
i>ridges the 
length b in most 
aaes the same. 
[n some double- 
track bridges, 
however, cither 
each tie or every 
third tie extends 
entirely acn>ss 
the bridge. In 
other cases every 
third tic on one 
track extends to 
the opposite 
track, thus act- 
ing as a support 
for the foot-walk 
which is laid 
upon them. It Fit-. 133. EnJom 
is the best prac- 
tice to limit the length of the ties on double-track bridges to 10 feet, 
since, if they extend into the opjjositc track in any way whalsuevcr, 
unnecessary expense i.s incurn-d whenev<T n-pairs or renewals are 
made, because lK>th tracks must necessarily l>e disturbed to some 
extent. 

The MZe of the ties varies with the weight of the engines and the 
spacing of the string<'rs or ginlers on winch they rest. Tliey are 
usually sawed to size instead of hewn, and llie following .si/es may be 
purchased on the open market-- namely, (i liy s,7l)y 0, SbyO, !l by 10, 
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and 10 by 12 inches. Larger sizes may be obtained on special order. 

The elevation blocks (see Fig. 127) should be of length to suit the 
width of the cover-plates and the spacing of the supports. They are 
usually made of the best quality of white oak, since the cost of renewal 
is great enough to demand that they be made of material as permanent 
as possible. 

The guard-rails should be placed in acconlance with the specifica- 
tions (see Articles 13 and 14). Some railroads specify that the guard- 
rails shall be in 24-foot lengths unless the bridge is shorter than 24 
feet, in which case one length of timber should be used. For method 
of connection and other details, consult Figs. 121 to 127. The 
guard-rails and the ties are usually made of Georgia long-leaf yellow 
jrinc, prime inspection. Other wood, such as chestnut, cedar, and 
oaky may be used. 

In addition to the wooden guard-rail, a steel guard-rail usually 
consisting of railroad rails is placed within about 8 inches of the 
track rail. 

In designing ties, the problem is that of a simple beam symmet- 
rically loaded with two equal concentrated loads, the weight of the 
rail and tie itself usually being 
neglected. For the case in hand, 
which is that of a deck plate- 
girder, loading E 40, the con- 
centrated load for which the tie 
must be designed is, according 
to Specifications (Article 23, 3d 
part), S 333 pounds. According '''^' ^^- D^j^l>'iSll?5i?!i.l;'^B%^^^^^^^^ ^''' '' 
to Article 23, 100 000 pounds is 

on four wheels. This gives 25 000 pounds on one wheel, and ac- 
cording to Article 15, one-thinl of this, or 8 333 pounds, will come 
on one tie. Fig. 135 shows the condition of the loading, the space 
center to center of rail being taken as 4 feet 10 inches. Some 
designers take this distance as 5 feet; but as the standard rail head 
b about 2 inches, and the standard gauge 4 feet S\ inches, the distance 
here taken seems to be the more logical one. 

The formula to \ye used in the design of this beam is that given 

*S/ 
in "Strength of Materials/* and is M = — In this case M=10 X 
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is 000 pounds per square inch (see 
Specifications, Articles 40 and 41). 

The maximum shear in the girrier 
occurs at the end, where it is 117 800 
pounds. The area required for the web 
is then 117 800 h- 9 000 = 13.00 square 
inches, and the required thickness is 13.09 
-i- 74 = 0.177 inch. This latter value 
cannot be used, since, on account of Ar- 
ticle 82 of the Specifications, no material 
less than f inch can be used. The web 
plate will therefore be taken as 74 in. by 
I in. in size. 

Some engineers insist that the net 
section of the web should be considered. 
Consider Fig. 136, the shear l)eing trans- 
ferred to the web by the end rivets. The 
web will not tend to shear along the 
section B-B, in which case the rivet-holes 
should he subtracted; but it will shear 
along section A-A, a section which is 
unaffected by the rivet-holes. The web 
splice should come at one of the stiffeners, 
and will therefore be considert^l in Arti- 
cle 76. 

73. The Flanges. This ix)rtion of 
the girder is usually built either of two 
angles or of two angles and one or more 
plates. In heavy girders where the flange 
areas are large, additional area is ot)- 
tained by using side plates or side plates 
and four angles. Sometimes two chan- 
nels are used in the place of side plates 
and angles. Fig. 137 shows the different 
methods of constructing the top flanges 
of girders. Tlie lower flanges are usually 
of the same construction. Fig. 137 h has 
the web extending beyond the upjKT sur- 
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faces of the upper flange angles. This is done in order that the 
ties may be dapped over it, and thus prevent the labor usually 
required for cutting holes in the lower face of the tie in order to 
allow for the projecting rivet-heads. Fig. 137 g is usually uneconom- 
ical, since the thinness of the channel web requires a great many 
rivets to sufficiently transmit the shear from the web to the flange, 
and also since the cover-plates must be very narrow. 

Specifications usually state that the flanges shall have at IciBst 
one-half of the total flange area in the angles, or that the angles shall 
be the largest that are manufactured. The largest angles are not 
usually employed, since their thickness is greater than three-quarters 
of an inch and therefore the rivet-holes must be bored, not punched. 
The reason for this is that the depth of the rivet-hole is too great in 
proportion to its diameter, and on tliis account the dies used for 
punching frecjuen tly break. Also, the punching of such thick material 

injures the adjacent metal, which 

makes it undesirable. In reality 

\Jp^-1 ^ ^^ ^^ the flange area of only the short- 

"i 1 I ^ I Y* span girders is small enough to 

allow the flange area to be taken up 
by the angles. 

In choosing the thickness of the 

cover-plates, can* should be taken 

so that the outer row of rivets will 

not come cIosit to the outer edge 

of the plate than eight times the 

tliickness of the thinnest plate. In 

case eight times the thiekness of the plate is greater than 5 inches, 

then 5 inches should Ik* the limit. Also, the distance between the 

inner rows of rivets should not exceed thirtv times the thickness of 

ft 

the thinnest plate. Tliese limitations are placed by Article 77 of the 
Specifications, and Fig. 138 indicates their significance. 

The determination of the required flange area depends upon the 
distance between the centers of gravity of the flanges; and in order 
to determine this exactly, the an\i and composition of the flanges 
should Ik* known. The above condition n^iuires {in approximate 
design to 1k» made, the supjwsition being that the flanges consist of 
two angles and one or more plates as shown in Fig. 138. 



Fig. 138. DlaRram Showing' Ki'latlon be- 
tween Thickness of Cover-Plattjs 
and Position of Kivcts. 
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The distance back to back of angles will 1x3 taken as 74 + 2 X 
J = 74i inches. Article 74 of the Specifications recjuires i\j inch; 
but I inch is better practice, since the edges of the web plate are very 
liable to overrun more than ^^^ inch. Some specifications require 
i inch. 

In the c*omputation of the approximate flange area, the center 

of gravity of each flange will be assumed as. one inch from the back 

of the angles. The approximate effective depth is then 74} less 2 

X 1 inch, which ecjuals 72J inches. The approximate stn^sses in 

the flange areas are : 

_, , ,, , 275 000 X 12 _ ..__ , 

r or dead load, _.. ,,^ = 4o 000 pounds. 

„ .. . ,,1340 000 X 12 .,.,., ^,,,, , 

I or live load,] _— -^ = 222 000 pounds. 

The appn)ximate flange areas are now obtained l)y dividing 
these amounts by the allowable unit-stresses for dead and live load, 
which are (see SfK^cifications, p. 8, Article 31): 2()0(X)and 10 000 
pounds per s(|uare inch resjxjctively; and the resulting areas are: 

For dead load, ' = 2 . 28 square inches. 

For live load, "/^ = 22. 20 square inches. 

These amounts give a total of 24.48 s(|uare inches as the appn)ximate 
net flange an^a nM|uinHl. 

It will l)e assumed that one-half tlie total area, or 24.4S ^ 2 ^ 
12.24 scjuare inches, is to be taken up by angles. If 12.24 .s(|. in. 
is distributed over two angles, then 12.24 -t- 2 ^ (>. 12 scjuare inches 
is the net area for one angle. Of course* it is not to be assumed that 
the area of the angle chosen must be exactly 0.12, but that this 0.12 
sr{uare inches is the approximate area of the angle to l)e chosen, and 
the net area of the angle (sc^e Specifications, Article 149) must not be 
2J per cent less than this, although it may be greater. 

From SttH4 Construction, Part I, Table ^'II, or from the Car- 
negie HandlxK)k, p. 1 17, a by 6 by J -inch angle gives a gross area of 
8.44 square inches and a net area of S. 44 — 2 X (s + i) X 4 = 
6.94 squart* inches, |-inch rivets IxMug used and so spaced that two 
rivets are taken out of each angle (see Sjxrifieations, Article iVA, 
and Fig. 130). A by 4 by { J-inch nngle, giving a gross area of 
7.47 and a net area of G.OG scjuare inches, one rivet-hole being out, 
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Fig. 139. Oili'iilatlon of Size of Angles 
ami I 'over- Plate. 



could have l)een used, but { J inch is t(X) thick to punch, and there- 
fore the al)ove angle is chost»n. 

The required net area of the cover-plate is now found to be 
24.48 — 2 X 6.94 = 10.00 sr|uare inches. Since the legs of the 
angles are C inches and the thickness of the web is I inch, the outer 

edgc»s of the angles are 12§ inches 
ajwirt; and since the coveivplate 
ni!ist extend somewhat over the 
edgc^s of the angle, and the width 
of the cover-plate should be in the 
even inch, the width of the cover- 
plates must be at least 14 inches, 
as shown in Fig. 130. 

( )n acrcount of the l-inch rivet- 
h()l(»s to l»e de<lucted, the real or 
net width of th(» covrr-plate is: 2 X w + 7ri = 14 — 2 X 1 = 12 
inches. The tliickness of jdl \hv < -over-plates at the ct^nter is now: 

A thickness of I of an inch is cleeickMi n|K)ii,for the n^ason that plates 
an* n)lkd only to the neanvst sixteenth of an inch. 

The appn).\iinatc section at the center has now Ihtii <k'terinine(l, 
and is: 

2 Ari^'lcs (i by (i l)y J-iiicli - 13. 8S .s(|. in. not. 
Cover-plates ; indi thick -- 10.r>()s(i. in. net. 

Total .= 24.3Ssq. in. net. 

niis approximate section must now 1h» examiiuM.!, an(|, if it shows too 
great an excess or a de- 
fieienev, must l>e revised. 
In onler to deter- 
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c ^ of Arujlts 



to 



mine the effective de[)th 
the distance l)etween th<» 
centers of gravity of the 
flanges must first Ix' com- 
put(Hl, the gn)ss areas be- 
ing used. Theoix'tically, jXThaps, the net areas sh;)uld \h' ust^l; 
but this is an iinnecessarv nfiiu incnt, since the efl'eet on the final 
result IS of no [)raetical imjKjrtanee. 



Fig. 140. I>t*U'rniinati<m«»f Center of CJraWiy. 
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In computing the center of gmvity Csi^ Fig. 140), the axis is 
aken at the center of the cover-plates, as this reduces the moment of 
he cover-plates to zvm. I'he distance of the center of gravity of the 
ingles from their back rCamegie Handbook, p. 117, column 0) is 
1 .78 inches. The distance of this center of gravity fmm the center 
>f the cover-plate, is 1 .78 + 0.875 h- 2 - 2.22 inclies. 

Clross aroa of tlio angles - 2 X S 14 = 10. SS s(|. in. 
'• " " cover-plat OS - • x 14 - 12.2.') s(|. in. 

Total =-- 29. i:? sq. in. 

The center of gravity is now found to Ix* 16.88 X 2.22 ^ 29.13 = 
1.286 inches from the center of the cover-plate, and 1.28r)— 0.875 
-5-2=0.848 inch from the back of the angle. The effective depth 
fc, is 74.25 — 2 X 0.848 ^- 72.554 inches, and the rcc|uircd flange 
areas are: 

27.'') 000 X 12 



= 2.272 sjj. in. for dead load. 
■= 22.200 SI), in. for live load. 



72 . 554 X 20 000 

1 340 000 X 12 
72.554 X "10 000 

Total - 24.472 s<|. in. 

The values of the moments, as taken fn)m the curves, must Ix* mul- 
tiplied by 12 in order to n»ducr them to pound-inches. 

A total of 24.86 s(]uare inches is given by the section approxi- 
mately designed, and the diffen*ncc lx*tw(M»n that and the section as 
alK)ve determimHl is: (24.472 - 24.:i8) -- 24.472 - 0.8S percent, 
and as this is less than 2\ jxt crnt (see Sjx*cifications, Arti(!le 140), it 
may Ik* u.se<l without any further change. If then* should have Ix'en 
a <leficiency or an exc(\ss gn*ater than 2\ |xt rvut, then it would have 
'*Pen nect*s.sar\' to rt*vise. In case a revision of section is necessarv, th(* 
size and thickness of the angles generally remain thv same as those 
taken in the aj)pn)ximate design, the tliiekness of the e()ver-plat(\s 
"^''ng (l(»creasc»(l or increascnl as the case may \x\ 

iTie total thickness of the cover-plat(\s, ; inch, is too thick to be 

P^nehinl. In .such cases as this, the section is made uj) of two or mon* 

plates whose* total thickness is e(|ual to that recjuin^d. If plates of 

^^t* than one thickness are decided upon, then their thickness 

^uld decrease* fnmi the flange* angles oiitwanl. For the case in 

"W;l, one plate i inch thick and one plate \ inch thick will IxMh'cided 

ttpon. ITie flange s<*ction at the cent(T as finally desigiu*<l is: 
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Shape 



Net Skctiox 



2 Angles 6 by 6 by } in. 
1 Cover-platc 14 by | in. 
1 Cover-plate 14 by J in. 



13.88 sq. in. 
4.50 " 
6.00 " 



Grohs Skction 


10.88 8C]. in. 


5.25 ** 


7.00 " 



Total 



24.38 



< < 



29.13 



( < 



The above is the section required at the center of the girder; 
for any other point it will be less, decreasing toward the end, where 
it will \ye zero. Evidently, then, the cover-plates will not be required 
to extend the entire length. The following analysis will determine 
where they should l)e stopped. If the load were uniform, the moment 
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Fig. 111. Diagram Showing Cur\'e of Retiuired Flange Areas. 

curve would Ik* a |){iralM)Ia. Although under wheel loading the curve 
of moments i.s not a parabola, yet it is sufficient for pmctical pur|X)ses 
to consider it as such. The curve of flange ari»as, like that of moments, 
is to Ih» considertHl a paralx)la (svq Fig. 141). 

Let «, ^ Not aroa, in scjuarc inches, of the outer cover-plate; 

a^ — Net area, in s({uare inclies, of the next eover-plate; 

a„v.ic.. =- Net areas of the other cover- plates; 

A - Net area of all the cover-plates and the flange angle. 
Then, from the properties of the parabola, 



L- / 



^ n 



^ .1 ' 

where L -^ Length of cover-plate in qucRtion; 
/ — Length of span, center to center; 
a - Net area of that cover-plate and all above it; and 
A ^ Total net area of t he flarige, J of the gros.s area of the web not being 
considered in this quantity. 
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The lengths of the cover- plates for the section above designed (see Fig. 141) 
are: 

L, = 61.75 J ^^- = 26.45 feet. 

Lj = 61.75 -J o~4~^ii ~ "" '^^•^^ ^^^^* 

One foot is usually added on each end of the cover-plate as theoretically 
determined above. The results are also usually rounded off to the nearest 
half-foot. This is done in order to allow a safe margin because of the fact 
that the curve of flange areas is not a true parabola. The final measurements 
of the cover- plates are: 

14 in. by J in. by 28 ft. 6 in. long. 

14 in. by J in. by 42 ft. 6 in. long. 
In most cases, the cover-plate next to the angle on the top flange only is 
made to extend the entire length of the girder. Although this is not required 
for flange area, it is done in order to provide additional stiffness to the flange 
angles toward the ends of the span, and to prevent the action of the elements 
from deteriorating the angles and the web by attacking the joint at the top 
(see broken lines, Fig. 141, for length of first cover-plate extended). 

EXAMPLES FOR PRACTICE 

1. The dead-load moment equals 469 000 pound-inches; and the live- 
load moment, 4 522 000 pound-inches. Design a flange section entirely 
of angles, if the distance ba(;k to back of angh»s is 45^ inches. 

2. The dead-load moment is ',i 340 000 pound-inches, and the live- 
load moment, 21 2.'i5 000 pound-inches. Design a flange section using 6 by 
6-inch angles and three 14-inch cover-plates, the distance back to back of 
flange angles being 78} inches. 

3. In each of the above cases, design the flange section considering 
that i of the web area is taken as eff(^ctive flange area. (For demonstra- 
tion of the methods to be employed in the solution of this problem, see the 
succeeding text.) 

While the section of a plate-gin ler is corrnx)site — that is, it con- 
sists of cc^rtain shapes joined together, and is not one solid piece — 
nevertheless these shapes are joined so securely that the section may 
l)e considere<l as a solid one and its moment of r(\sistance computed 
acconlingly. Ix?t Fig. 142 be considercHl. 

The moment of resistance of the st^ction is: 



M ^ 



Si^A X .3^ + -4 X ^Jr -\ j^, ) 



in the derivation of which the moment of inertia of the flange about 
its own neutral axis is considered as zero, and A e(|uals the net area of 
one flange. Now, as the values of h^ and h seldom diflfer by more 
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than one inch, for all practical purposes they may be considered as 
equal. ITie above expression then reduces to: 

M = ,S X h(^A + '^^ ) 

= S X h (net area of flange + one-sixth gross area of web) 

Since the rivet-holes decrt^ase the moment of resistance of the 
web, one-sixth of the gross area cannot Ik? considered, as is theoreti- 
cally indicated in the al)ove formu- 
^ la. It is common practice to take 

caFioTujeTTrf T JTI one-eighth, instead of one-sixth, of 

the gross web area. Substituting 
this value in the above equation, 
and transposing, there results: 

Af 



I 



TT 



jdw 



^ 



-•^t 



^ 



^ 



Area of flange -}- i gross web area =^ 



Sh 



The flange section will now be 
designed for the moments pr(»viously 
given, considering J of the gross web 
area as efficient in withstanding the 
moment. 

The gross area of the web is 
74 X s = 27.75 square inches; and 
I of this is 3.47 squai*c-inclies. The 
total apprfjxiinatc amount of flangc» 
linn rt^quired is, as in the first case, 
24. 4S square inches. 

According to the above formula, 
I of the web area, or 3.47 s(|uare 
inches, may l)e considered as flange 
area, and thereforc 24.4S — 3.47 = 
21.01 s(iuare inches, is the appmxi- 
mate nwn of the angles and cover-platt s of the flange. The aj)- 
proximate area of one angle is then 21 .01 -^ (2 X 2) =- 5.25 square 
inches. A (\ by by ,'\.-iii('h angle gives the gross area of 0.43 square 
inches and, two rivet-holes being deducted, a net area of 5. .305 
square inches (see **Steel Construction," Part I, Table VIII, or 
Carnegie Handbook, p. 117). As this is (|uite close to the approxi- 
mate an^a determined above, this angle will l)e taken. The ap- 



Flg. 142. Section of Plato-Girder. 
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1<>1 



be tuken as 14 inches. The thickness is (hen 



proximate ari»a of the CH)ver-i)hites is 21 .01 — 2 X ^..^05 ^ 10.40 
sc]iiare inches. As lx»fore, the <ijross widtli of the eover-phite will 

10.40 
14- 2f; + •) 
=■ 0.867 inch — sav I inch. 

The gross area of the angles hein^ 12. SO scjuan* iiieh(\s, and that 
of the cover-plates 12.25 scjuare inches, the center of <^ravity of the 
section is found, by a method similar to that previously employed, 
to be 1 . 10 inches from the ct^nter of the cover-plate, or 1 .10 - 0.4.']S 
= 0.662 inch from the back of the flange angles. This makes the 
effective depth 72.93 inches. 

For this section, the true live-load flange* stre.ss is (1 3 10 (K)0 X 

12) -s- 72.93 = 221 0(K) pounds, and the actual dead-l«)ad flange stnvss 

is (275 000 X 12) -^ 72.93 = 4r) 400 ixnuul.s. The actual areas 

required for the live and dead load an* 22. 10 and 2.27 .s(|uan' ineluvs, 

which are obtained by dividing the above flange stiv.sses by 10 000 

and 20000 pounds, respectively. The total re(juired ai^ea is the sum 

of the two areas above, and is ecpial to 24..*)7 scjuai-e inches. The 

total area n»fjuired in the flangi* angles and cover-plates is then^fon* 

24.37, less J the gross an*a of the web, 3.47, which leavo 20. !K) 

sc|uare inches. The same angles as <lecided u|X)n befoi-e will he used. 

Tills gives a required an»a for the c*over-plat<'s of 20. !M) — 10. (il 

10.29 .sf|uare inches. The n*(|uin*(l thiekn(\ss is llim 10.20 : ill 

— 2) = 0.sr)7 — sjiy ; inch. The following s< ciion of the llaiiLrr wi 

then»fon» Ih' divided U|H)n: 



Sll MM. 



2 .Anglos 6 in. by i\ in. by {\. in. 
1 C'ovor-plate 14 in. by ^ in. 
1 CoviT-platc 14 in. by A in. 

T(.t;il 



Nl.l Sl.« IIDS 



( i iti »?^> Si ( ■ I 1 1 IN 



lO.Cl 


M|. 


ill. 


IJ N»i <>\. in 


1 r^) 


I • 




."> •_'.") " 


(i.OO 


ft • 




7 nn " 


•J 1 . 1 1 


« • 




•_»:. 11 • • 



As the total net an»a alK)ve is within 21 |)<m* eenl of tin* rr(|uired net 
an^a, that section will Ik' taken (.see Sjx'eifications, Article 1 10 i. Not(» 
that in this ca.sc, the thickness of theeovtM-plates in the (in:il d<\sign 
is the .same as that determined in the preliminary <l(sign. 
Also note that the total net area is about 4 scpiare inches, or 20 ]M'r 



171 



cent,le83 than iii the flangt- us Brst ctesigiHiKin wliicIiaucnnicrfAt 
arcs of the web was coDsideml as withstanding the beniling tm 

The J-inch cover-plate on the top Htin^Tr will exiend tfatoitlR 
length of the grider, and is theivfopc fi2 fwl inches long. Tbe J 
lengths of the other cover-plates are: 



For 1-iiich pUtf nt th.- boin 



-'•-'-V^ 



- « Sfwi. 



- 2A StfwL 



C>ue f(»ol should be added to e«eh of the ahovt lengths •! etdi q 
thus making the total lengths 45 feet (i inches and 30 fFc(6il 
reapectively. 

EXAMPLES FOR PRACTICE 

1, If thp span is R3 feet centt^r to centrr, cniiipute tlip length d 
covrr-|4Bte. The ftwtioa vtinfliEts of two anKlm fi by Q by J in. 
jiUtP 14 by )in.;an(lonoMiver-platc Uby jiin.; two rirrt-botcs beiogli^ 
out of each angle aud e>ach oover-plat«. 

2. If ihc Mptto ia 87 (t. 9 in. center to mnlcr, compute the length of 
cover-plnm if the flange conaiats of two angle* G by C by ) in., and four M 
plalpa 10 liy :,•, ih., two rivet-holes being taken out of ftoflh angle k 
cover-plalp. 

In <letiTniming (he area of plates, the tables in the Ca: 

iliiiullmot,, mi. -Jl,'. ti. J'>(),;ire ccmvenieiit. In onler to obtain plates 



o 



lO 



FlK. US. !llnBr;iii 



ii'^fercnce fit Shear from Wpb to Flangei bj™'*'' 



who,se widths are pri'iiler than 12^ inches, see the note in thengli'' 
lianii cohimn on Jiiige S'lO, Carnegie Handl)ook. For another pi*^ 
entati<»n of the alxive siilijeet-matter, see "Steel Construction," IW 
IV. pp.252, 2r.4, and 2(il. 

The spacing of the rivets in theflanp'sisamatterof considetsble 
importance; the shear is tran.sferred from the web to the flang**' 
where it Iwcomes flange stress Tliis is done by the rivets, each ri™' 
taking as much flange stress as is allowed by the Specifications. Tbe 
conditions are similar to thost' shown in Fig. 143, where V represenO 
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an object exerting n pull on a long, thin plate .1 - .1 which has, at 
various points along this length, small objects F attached to it by 
means of pegs r-r. These small objects F hold the plate A- A in 
equilibrium. Here I' represents the shear which fends to cause the 
movement; A- A, the web; r-r, the rivets; and 2F the amount of 
flange stress taken by each rivet. 

At section c-c the total amount in the web to be trans- 
formed is 2F; at section b-b 
it is iOF. From this it is seen 
that enough rivets r-r must l>e 
pnt in Iwtween the sections b - 
b and c - c to take up \0F — 
2F = »F; hence it is proved 
that the riwts l>etween any two 
sections of the flange take up 
the difference in flange stress 
between those two sections. 

The discussion just given 
will lie the means of giving us the 

nnml>cr of rivets required between any two sections; but it tloes not 
give us the rivet spacing loctween these two sections. In onler tn 
determine the rivet spacing at any particular point, the following 
analysis Ls presented (see Fig. 144), 

Let .V, = Moment at one section; 

A/j = Moment at another section nearer fenlor (if Rircler (li^n the scetion 

V = Shear at scclion where W, occurs; 

V = Amount of nangc Rtress one rivd ean transfer; or it is the stress on 




ivet ; 



c hetwi 



n the t 



n theti 



Then, 

^ = Flange Rtress .liie to moment .1/,; 
^.l = Flange stress -Ine to n.omenl .1/,: 
El _ -J(i = Difference ..f flange fltres.^ I,ct«e..n 

(ULi — ' ' ) -i- u = ", Number of rivets rcqiii 
h, n. / 



?.! in space t...(|) 





twmm ^Bag m Ap wnical parts n( 
h^^m ^m^ is mm juk^ml in kmlifl 
^At^ It B •» Iv «d for tl 
OK^ - fa*A iW tap ml I 
^■09 W Aim^li gaitrs, but n 
*r *f 'ka^rs flf <feck pbtc-pricR 
^^■■1 memat. It » (o br ibMl, h 

The J 
^ B iBC onfinarilr usd, I 

'. F",:- l-t." . 'Hn- riv,-i .-iiwdnK 

■> -•^•i^' )■• >!;ii55.'rwiifi Ihal 
>^ ri:^ ■-> w-iili .vcrv other rivel 
■>- si^iix? ihat ihr rivets in 
:j> Hvi-tj in the vertical 1^ 
:•>«" ;i!>- ti\<> lines of rivels 
;; r^-iir t!:o <niUT e«lf,fof ibe 
■- whvr\- i< rivci occurs iiearlbf 



tWMPLEi- FOR PRACTICE 



» 



reihe >h(.ar is 117200 
..•T.^ijvp <lepthoftlie 

nil whoiT l!ir shps' " 
.■<• ii,'[,ih of the girJ« 

Ass. 8 870 pouods. 
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The rivrt spacing is usually determined at the tenth-points, 
and a eune is plotted with the spacing as ordinates and the tenth- 
points as abscissa*. The rivet spacing at any intermediate point can 
be determined from this cur\'e. When one-eighth the gross section 
of the web is considered as flange area, then only that proportion of 
the shear which is transferred to flanges is to Ix* considered in com- 
puting the rivet spacing, on account of the fact that some of the 
shear is transferred din»ctly to the l)encHng moment in the web. 

•In onler to determine the distance Wtween rivet Hnes, the 
gauffc, or distance out fn)m the back of the angles to the place where 
the rivets must lx» placed, must be known for diffeR^nt lengths of legs. 
Table XXI gives the standard gauges, and also the diameter of the 
largest rivet or lK)lt which is allowed to be used in any siz(*d leg. No 
gauges should be punched otherwise unless your largt* experience or 
instructions fn)m one higher in authority demand it, and this should 
Iw so seldom that indeed it might lx» said never to l)e necessary. 

TABLE XXI 

Standard Gauges for Angles 

(All dimensions ^ivcn in inches) 
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♦When thickness is i incli or over. 
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In the accond c«si 
coDsilcml, the above distance is 74.25- 
(2 X 2i + 2\) = 07.25 inches. The coopu- 
t&tioiis and the rivet spaces at the tentJK 
pnint.and at the mds of the cover-plsles in 
the bottom chord of the plaie-girdcr, an 
shown for each case in Table XXII. Thc 
valuc of r is the value of a j-inch riwl In ■ 
U-aring in a ?-ineh web {sec Specifiratiooi, ; 
Article 40, and ("Hmegic H(ui(lbook, p. 195,! 
st.-cood table). This value is 4 H20 poiimk 

In the first column, 7.98- indicates ibt 
ttn.' ei»d of (he cover-plate next to the fUnp 
is 7.98 fwl from the end of the girder, and that this section is takw 
jii.-t loom- side of that |xiini. the side Wing ihal ncanst ilic cndo( 
the frir^Ur. In a similar manner, 7.9S+ indicates that the section 
is taken ti) that siile of the point which is nearest the center of the 
J:i^lt■r. A like interpretation sliould be placed on 15.55- and 
1.") .'i.")-. the ix>iiit niidor consideration in this case Wing the end of 
(lie outer <)r top cover-plate. 

In the Rfih ciihiinn, values are given which indicate thai portion 
of the shear wliieii is transferred to the flanges- For example. 

^' '"*' = 74 700, an.l the difference Iietween 07 700 and 

(14. IN - 10. (in 

74 700 n-preseiits tliai portion of the shear which is taken up 

din-elly bv the wfU in tlie form of bending moment. An iiispcctwr 

of the headings of the thitxl and fourth columns will tend to naB 

this matter eleariT. 

Where then> is local loadinj;, as in the top flange, the rivets, i" 

addition to the stn^ss caused h\ the tninsferring of web stresses, ai* 

-stri'ssed h\ tlie vertical action of the angles In-ing pressi'd downwa''' 

by the ties and the consecjuent upward pri'ssure of the web. Accord- 
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TABLE XXII 
Rivet Spacing In Bottom Flange 

Flange Taking All the Moment 



Section 




1 
2 
3 
4 
5 



Total Shea& 
(Pounds) 



117 800 
97 700 
79 300 
61300 
44 200 
28 600 



^r 


V 


(Inches) 


(Pounds) 


67 


4 290 


67 


4 290 


67 


4 290 


67 


4 290 


. 67 


4 290 


67 


4 290 



Rivet 
Spacing 
(Inches) 



2.80 
3.38 
4.16 
5.38 
7.46 
11.52 



Remarks 



See Specifica- 
tions, Art.54 



One-Eighth of Web Area Considered 
hr ■= 67.25 inches; v = 4 920 pounds 



Section 


Total Shear 
(Pounds) 


Net Flanoe 

Area plus i 

Web Area 

(Sq. Inches) 


Net Flange 

Area 
(Sq. Inches) 


Reduced 

Shear 
(Pounds) 


RiV KT 

Spacing 
(Inches) 





117 800 


14.08 


10.61 


88 800 


3.75 


1 


97 700 


14.08 


10.61 


74 700 


4.45 


7.98- 


90 000 


14.08 


10.61 


67 900 


4.88 


7.98 + 


90 000 


20.08 


16.61 


74 800 


4.42 


2 


79 300 


20.08 


16.61 


65 800 


5.02 


15.55- 


67 500 


20.08 


16.61 


56 000 


5.81 


15.55 + 


67 500 


24.58 


21.11 


58 100 


5.69 


3 


61 300 


24.58 


21.11 


52 700 


6.28 


4 


44 200 


24.58 


21.11 


38 000 


8.71 


5 


28 600 


24.58 


21.11 


24 600 


13.42 



ing to Article 15 of the Specifications, the weight of one driver is 
distributed over three ties (see Fig. 147). 

W 

Let —J- , = tr, the load per linear inch caused by one wheel TF, which 

load is assumed to be uniformly distributed over the dis- 
tance /; 
ti7S -= tn, the vertical load or stress that comes on one rivet in the 
space s; 

Vs 
V — -7— , the stress on a rivet due to the distribution of flange 

stresses when 5 is a space, and V the shear at that point. 

When these two stresses act on the rivet, the maximum stress will 
be t^ui the ultimate amount that it is allowed to carry, and this will 
act as shown in Fig. 147 : Then, 



ru = -y/ v^ + ri * 
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V(t)- 



+ (wsy 



8 



ni) 



+ u^, 



from which, 



s = 



Vr 



V(f) 



+ w' 



which gives the spacing at any point in the girder flange under 
localized loading. Note that if w equals zero — that is, if there is no 
localized loadhig — there results: 



t\ 



s — 



/ 



( V ) 



+ 



" V ' 

which is the same as previously deduced for flanges with- 
out localized load- 
ings. 

The rivet spacing 
for the top flange 
of the girder which 
is l)eing designed 
is given in Table 
XXIII. Here W 
= 20 000; /= (3X 
7 + 3 X 6) = 39 

. , 20 000 

niches; w = — „ — 

39 

= 513; hr = 67 

inches; and iv = 

4 920 pounds, which 

is the lK*aring of a 

i-inch rivet in the 

^-inch web. The 

top cover-plate is 

run theen tin* length 

FIk 147. Kivet Spacing Determined bv Stresses Distributed - , 

under Localized Loading. OI tflC spau. 
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TABLE XXIII 
Rivet Spacing in Top Flange 

Flange Taking All the Moment 



Section 



w 



ToTAi, Shkak' 
(Pounds) I 



(i) V(;:y 



+ tp' 



KlVKT Sp\cb 
(lnche8) 




1 
2 
3 
4 
5 



202 GOO 


117 800 


3 080 000 


1 825 




1 97 700 


2 140 000 


1 550 




79 300 


1 390 000 


1 2S5 




01 300 


840 000 


1 050 




44 200 


435 000 


835 




28 600 


181 500 


660 



2 
3 
3 
4 
;> 



70 
17 
83 
08 
88 
45 



One- Eighth of Web Area Considered 
?/• = 513; /if = 67i^ inches; Vu = 4 920 pounds. 



1 

Skction 


tv^ 


Rkduckd 

Shkar 

(Pounds) 


( hr ) 


v( 


1 538 


KivKT Spack 
(Inches) 





202 000 


97 600 


2 100 000 


3 . 20 


1 


262 600 


81 000 


1 450 000 




1 315 


3.74 • 


2 


262 600 


65 800 


985 000 




1 100 


4.50 


1 5 . iy'} — 


262 600 


56 000 


695 000 




980 


5 . 02 


loooH- 


262 600 


58 100 


765 000 




1 014 


4 . 85 


3 


262 600 


52 700 


616 000 




938 


5.24 


4 


262 600 


38 000 


320 000 




763 


0.41 


5 


262 600 


24 600 


134 000 




029 


7.82 



The |K)iiits other than the tenth-points Referred to in the first cohniin 
an* for sections taken jnst to the left and right of the top cover-pUite. 
The vahies of the n^dueed shears given in the third column are cjh- 
tained as has Ix^en previously explained. Although the rivet spacing 
in the lower flange is considerably greater than that in the upper 
flange, and accordingly a smaller numlxT of rivets would l>e rtciuired, 
yet the spacing in the lower flange is made the same as that in. the 
up|x^r. Convenience in the preparing of plans and facility in manu- 
facture make this action economical. Theoretical spacing greater 
than 6 inches shoukl be dealt with according to Article 54 of the 
Specifications. 

The values of the rivet spacing given in Tables XXIIand XXIII 
are plotted in Fig. 14K. Note that the effect of the localized loading 
is to decrease the rivet spacing, and also note that the efl'ect increases 
from the ends toward the center. 
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Ftg. IIB. riott«d Values of Klvt-l Spocliig Uiveo Id Tables XXll and XXUL 



BRir^iE EV'=:NI?.7.I' 



that tlieir iiuinl>er<!Kulii rir ;/:••-: ir lz.»_«:i"-^: -t: itt : 



Sp.\x or <'i::-.: j i. >"t aii la :r ..i. iw J i . ir - 



to J'» 

•JO to :i^ 

:i.> to 7n 

70 t«'» ^.'» 

>.> t.i 1U» 



The alnne is not inti-iitJoi t >rr.- :^* i r-ir. i-ii r:x^: r__»^ "iru.- 
tions fn>in llie limit < pvr-r; ^r-.- : - ••r ::i^ > i* :!-_»^ ::lv- j-ci::.-.!:.-. 1.- 
all c-as<vs xhvv are iMit at ;;.» iiir-'. !• !:.*.- : -r> '■ "i •_-_:: -■- - - i.-i. 
lK>ttoin parts ac-iiiij: a> -^f'-vr^rri'-^i'.-r i:. *':.- -t--ri •7*-'ll_ .-_-. -..- 
cn>ss-fnimrs shonM ilivi«i»- iht- ^ita:. ::.- -^.-^i^ :i-r*- .: :•>-'-»-. I 
crises when* that is iii»t pii.s<:^ •■•:-. v.v *:..r:r>: '-/Irii.-:.- -j.* •.». • 'iii- 
iiear the eiuls of the sjxm.s. 

If the panel jx>ints are to V»e UxtsTri; i: :r--r -•i:r-rr.--r- Vt- ..v. ••^t 
of p;inels is a fiinetion «»f the ti»-jjih --f :?> :.":r; -r «»-!- ^i^^-r. -i-- c- 
Articles 47 and 4s >. In tlii- ca^.- iLe :. ur::' •-: : -a.- -!• .- j:'- - : 






. .•.?-■ 



no fraction In'in^: er>n>i«!«'rf-ti. A- ar. '-.M^r.::!-. .- * :• -- >-. :-! 

<letrnniiie th<* nnmUT of {>iir;e!> ;:. a r"::* • '*-' :'•• " * ' *■ .' " ^ ' 

of bearin^>, the dfpth l>eiij;r'*»} ii:*^?.*'- '■-•.rk • • - . ■ •: : -: j - -. 'i .. 

s.'i . IJ 

Each panel will then Ix- 02. < inf hf - lon^'. Tl.:-. . ■ '^^ r; : ^- * Ar'-.' 
47 of the SjKrifieations, liein^<n^-ater thar: '• :*■*:'. .*. . : .■ :. 
as a sjMice U'twcrn two siifTener<. ijui oi;f -'lin*:.* r - v.:. '• 
lK»tween, and then the [)anel jx^nts wii! ef^irjf a: '-•. ♦rv • .*:.•-: -*!::• .••t. 
The eross-frames should l>e five in u'lnilH-r. 

Th(» arraniccnient of juuieN a!:d en^-^-frariK- i- -!:ov.!. i;. Fi::. 
140. Ilen^ the cross-frames an* marke<l ^*. /'.. aud th#- hrnk^ri lirn-s 
rt^pre.sent the lower lateral sv>t«'m. 

Ill c*fis€.* an even niiml>er of panels wen; desinxi. then ten wmild 
l>e the niimlHT clios^Mi and the <:enerjd arnin;:ement would 1m- as 
shown in Fig. lijO. The length of a pjinel \v(iuld Ix* S.") X 12 -e- 
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diagoniil bmcings (set' I'lute II), ami nre placcti at certain iiit^nab 
ncconiing to ifio judgmetit uf llie cnginetT, Gtxxl practice demaniU 
that their numljer should l>e about as indicated below: 



Ndukr or Cbom-Fxa* 



The alKJvt* is not intended to serve as a hard and fixe<l nile. Varia- 
tions from the limits fjiven are to be niaile as the case demands. In 
all cases ihpy are put a( die panel points of the bracing, the top and 
hoitom parts acting as sul)-verticals in the lateral system. Also, die 
cross-frames slioiilil divide the span into equal parts if possible. In 
cast's wliere diat is not possible, the shortest divisions should enme 
near the ends of the spans. 

If the panel points are to be located at the stiffcners, the numlfer 
of i>anels is a fimction of the depth of the girder (see Speoifinilions. 
Articles 47 and 4'S). In tliiscastr the iiumljcr of jwnels is given b_v: 
,. _ Span in incliee. 

Defitli of girder in inchps 

no fraction l>eing considered. As an example, lei it 1* n-quired to 
tlctermine the numlxr of panels in a girder S5 feet center to center 
«>f bearings, the depth l>eing!)Oj inches liacJt to l>ack of angles. Then, 

■' = lui or " n.3,or,say,Il panels. 

Kacb panel will then be 92.8 inches long. Tliis, according to .Article 
47of the Specifications, Iteinggreater than 5 feet, woulii not be allowed 
as a space lielween two sliffeners; but one stiffener can lie pla«-il in 
I»etween, and then the panel ptjints will come at every other stiffener. 
The cross-frames should Ik- five in nmnln'r. 

Tile arrangement of panels and cross-frames is shown in Fig. 
140. Here the cross-frames an' marked f . F., ant! the broken lines 
represent tlie lower lateral system. 

In ca.se an even numlwr of panels were desinfl. then ten w<ni]il 
\yc the numlHT chosen and the general arrangenient would Ik- as 
shown ill Fig. 150. The length of a panel would l>e S5 X 12 -i- 




10 = lUC indies, or 8 fvrt <■ jnclwit, which wnulil allow of ou: aiSo 



in hetn 
S (rrt. 



I (UmI still keep the 3(iffcnrr .sjMiL-ing within the li: 



I 



The cTosA-fnunes at tbc ends of the span are designatMl u 
enm-jramn, Kud ihueu in between are designated as i 
trou-fraaieM. 

Ill vase the s[WCTftgof the sliffeners is not rwjuirt'd tobesu 
tD coincide with ttie [mnel points of tho lateral bmeinR, the p 
irogth will depriiil upon the spacing of tlie ginlcrs, Ix-iiig p()ual » 




JlK. ISO. 

pval.T llijiu lhcs]>!icingiiuipilpr tokifp thean^lc whidi lliiMlinpin!''-* 
niiikc wiili llu- ginliT Irss ilmn 4.'t drgrt-cs. In this casr, 






r. f«.< 



For th.- 
at the slilTrn 



,\' 



TIk- arriinfTciiUMi 
Ilium stn.'iscs in \ 
lictcriiiiiiii! acco 
Articrlr 24 of ^\\v Sp,. 



..f Bir.i.Ts ill f..,'t' 
v.! nti lu-.- 174, llu- iiiiml«Tof]>aTi<4sffOuWbc 

II l-atu■l^- if o-id niimlMTs wrn- to 1* usfd' 

. w,T<. tnl„. .K-.simi. 

iM. <\h- \y.uM puintsi.f iliehracingwiUbeialJf" 

n -■vni iiiimlHT of ]y.mfh will Ik> u«m1. Then, 



paiul- ill!.! <Tuss-fraTnes. ami also the TM»- 
.nals.aivsliuwn in I'latcH. the stn-sses being 
Aill.l.' .',(), I'art I, "Itri.lfif Analvsis," f"^ 
All the wind is taken as acting"* 



one side of the Imtlgc ; and no ovcrluming elfeet, either on the ^i*' 
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or on the train, is considered. Also, note that the wind stresses in. the 
flanges are not considered. Should the student determine these, he 
will find them too small to be considered according to Specifications, 
Article 39. 

Before designing the lateral diagonals which consist of one or 
two angles, Articles 31, 33, 34, 35 (last portion), 38, 40, 63, and 83 of 
the Specifications should be care- 
fully studied. The upper lateral 
bracing is to be designed first. 
Carnegie Handbook, pp. 109 to 
119, is to be used. 

The member UJJ^ must be 
designed for a compressive stress 
equal to 23.20 + 0.8 X 20.0 
= —39.68, and a tensile sti*ess of 
20.6 + 0.8 X 20.6 = + 37.08. The 
length of the diagonal measured 
from center to center of girders 

^ '7r~^' — . ,. no rk * X ino ^^^ ^•''^'- Determination of Length of 

IS V b.iy -f 0.2^ = 9 feet, or 1U<S Diagonal in Lateral Bracing. 

inches. In reality the length is not 

108 inches, as the cover-plate takes off a certain amount, as shown 
in Fig. 151. The tnie length, which is to be taken as a column length 
in designing, is 108 — 2//, and y is readily computed to be 9.70 inches, 
thus making the true lengtli 88.6 inches. The least allowabU* rectan- 
gular radius of gjTation is obtained from the relation that the greatest 




value of — — 120, and therefore the least value of r = -— — 
r 120 



0.74. 



It will Idc assumed that a 6 by 4 by j^-inch angle with an area of 
5.31 square inches will be sufficient. Here the length equals 88 . 60 
inches, and the least rectangular radius of gyration is 1 .14; hence, 

P = 13 000 - 60 X ^^^% 

= 8 330 pounds por.sciuare inch. 

The required area is' ' ' = 4.73 square inches. As the angle 

assumed has an area of 5.31 square inches, which is considerably 
greater than the 4.73 square inches required, this angle cannot be 
used, and other assumptions must be made until the area of the angle 



185 



170 



BRIIXJE EXGIXEERIXG 



assiiined an<l tlie n»c|iiirtMl area as coiiipuUHl art» iHjual or very lu^arly so. 

A () l)y 4 hy i.-iiich angle with an area of 4.75 8C|uare inches nvill 

now Ik» assnm(»cl. The length is HHAiO inches as Ix^fore, and the least 

n^ctangular radius of gynition is l.lo. The unit-load P = 8 340 

QO *^fU\ 

pounds jxT square inch, and the rc»<|uired area is * ' ' = 4 . 72 square 

8 340 

inches. As the area of the angle assumed and the required area as 

computed are verj^ closi*, this si/x'd angle will l)e usetl. 

The stH»tion must now l)e examine<l for tension, and in order that 

l)oth legs of the angle may 1k» cM)iisidere<l as efft»ctive section, lx)th legs 

nuist he eonnc^cted at the end. The area rt»quiR»<l will Ix? * = 

In UilU 

2.01 sfjuare inches. Considering one rivet-hole is taken out of the 

angle, the net area is 4.75 — 1 X 
(l + l ) X i == 4.25 s(juan» inches, 
wliicli is amply sufficient. 

If the 4-inch leg only were as- 
sumcnl to Ik* connecttMl, the gn'.ss 
an»a would Ix* 4 X i =^ 2. CO 
sijuart* inches, an<l the net area 
would then Ik* 2.(K) — 1 X (A + 
I) X l-incli -- l.r)()s(|uan' inches, 
which is not suflicient. If the 
(Much leg w<»rc connected, tlie 
an'a would he sufficient. See Fig. 
152 for mcth<Ml of connection and 
rivets. 
The nunihcr of rivets rc(|uinMl (sec Sjx^cifications, Article 3S 

and 10) is computed as follows: If the memlxM* weiv not suhjected 

to hotli tension and compression, the numher of rivets riMpiinHl in 

single shear would U*: 

:;o:](;o 

(IMM)O I- 50i)ereent of 000) X 0.0013 

:;o 3(io 

SUM) 

1 .Mi (sav5). 
Hut according to Article 3S of the SjK'cifications, this numlnT must Iw 
increa.se<l 50 jk.t cent, and acconlingly 4.S() X li ~ 7.20 (say 8) 




u; 

CovgrPlatg-j 



I'M;:. 1.V2. M«'th(nl nf Coniwrtili^; An^^h* L«"L's 
ill L.n« r.il nr.uinv: :iinl rrt»«»s-Kr:iiiit-«. 



// 



\m 



! 



BRIDGE KNGIXKEIUNG 177 



shop rivets are to be used. In the above formula, 0.6013 is the area 
of the cross-section in square inches of a |-inch rivet. In order that 
both legs should be connected, a clip angle as shown in Fig. 152 is 
used ; and the same nural)er of rivets must go through both legs of the 
ch'p angle, since the stress in the vertical leg of the main angle is 
transferred to the clip angle and from there into the connecting plate. 

The above number of rivets makes the joint safe so that it will 
not shear off in the plane between the connection plate and the hori- 
zontal leg of the angle. The joint must also be designed so that 
there will l)e sufficient rivets in l^aring to prevent them from tearing 
out of the connecting plate. The number required is: 

39 300 



« — 



(15 000 + 50 per cent of 15 000) X I X i 

_ 39 300 
7 3K6 

= 5.34. 

ITiis 5.34 must be increased 50 per cent, making a total of 5.34 
X 1 .5 = 8.01 = say, 8 shop rivets as before. 

The above rivets are shop rivets, since it is assumed that the span, 
l>einga small one, will l>e riveted complete in the shop and shipped to 
the bridge site ready to place in position without any further riveting. 
In case the girders are shipped separately, then the lateral bracing 
must be riveted up in the field; and according to last part of Article 
40 of the Specifications, the rivets, being field rivets, must have the 
allowed unit-stresses reduced one-third, which is e(|uivaient to having 
the number of shop rivets increased 50 jx^r cent. This will make the 
required number of field rivets 8 X 15= 12. 

As a rule, the connection plates are I inch thick, seldom more. 
Also, the meml:)ers of the uppt^ lateral system are connected on the 
lower side of the connection plate in order not to interfere with the 
ties. Note that the use of the clip angles recjuires a smaller connec- 
tion plate than would be necessar}Mf thest* angles were not used, since 
in the latter case all the rivets must then Ix* placed in one row in the 
horizontal leg of the angle. 

The number of rivets required in the connection plate and the 
flange of the girder must Ix? sufficient to take up the component of 
that member parallel to the girder. For the case in hand, the num- 
ber (see Fig. 153) is: 
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X 



9.0' 



from which, 

X = 5.5 (say G) rivets. 

m 

Additional rivets should also be put in, in order to take up the compo- 
nent of the other lateral diagonal which meets at this point. 

The member L'/ l\ is to be designed for a maximum compressive 
stress of 20.6 + 0.8 X 16.0 = -33.4. A 6 by 4 by ^''e-inch angle 

with an area of 4.18 square 
inches will Ix^ assume<l. The 
least n*ctangular nuh'us of gyra- 
tion is 1 .1(>. The unit allowable 
load is: 

P = i:i 000 - 00 X ? ,\. = 8 420 

1 . lo 

pounds per scjuare inch. 

ilie n*quired area is - — = 
* 8 420 

3.97 square inches. As this is 

very near the area assumed, and 

as trials with other angles do 

not give required areas which 

come any closer, this angle will 

Ik* used. 

The rivets re(juire<l in single 

shear are: 




Fig. 153. f'alciilation of Rivets in Conneotion 
J'late aiicl Flaime of ( lirdrr. 



.S3 400 



X 1.5 ■-= (\.'2\ fsay 7) .'^liop rivots, and 



S 100 
0.21 X 1.5 - 1).:^ (say 10) field rivets. 

The rivets reciuired in l^earing in the ij-ineh connection plate are: 

:v^ 100 



7 .ISO 



X 1.5 =- 0.7H (say 7) shop rivets, and 



0.78 X 1.5 = 10.17 (say 11) fi<'ld rivets. 

'^riie above er)inputations show the joint to he weakest in Waring, 
and therefore 7 shop or 11 field rivets must be used. It is not neces- 
sary to investigate this member for tension, as the computations for 
the first diagonal indicate that the area will be sufficient, lK)th legs 
iMMUg connected. 

The memlx^r l\l,/ must 1h» designed for a maximum c^ompres- 
sive .stress of 16.0 + 0.8 X 14.1 = -27.28. A 6 by 4 by g-inch 
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angle with an area of 3.61 square inches and a least rectangular 

radius of gyration of 1.17 will be assumed. The unit-stress P, as 

computed from the formula in the Specifications, is 8 400 pounds pi^r 

27 ''SO 
scjuare inch; and the required area is — "' - = 3 . 23 square inches. 

8 4f)0 

This angle will be use<l, as the given and required areas are close 

together, and as the next smaller angle — a 6 by 3\ by 2 -inch angle 

with an area of 3.42 square inches — gives a rt»c|uirtHl area of 3.58 

scjuare inches, thus being too small. 

The rivets required in single shear are: 

27 280 

w f nri ^ ^ ••'^ "^ 0.04 (say /)) shop rivots, and 

5.04 X 1.5 = 7.0 (.say S) field rivots. 

The rivets required in l)earing in a J-inch w(»b are: 

27 280 

~^'<kn ^ ^ *^ ^ 5.54 (say 6) shop rivets, and 

5.54 X 1.5 = 8.3 (say 9) field rivets. 

In onler to make the joints safe, 6 shop or 9 field rivets should be* used. 
The member U^^U^ must be designed for a maximum compressive 
stress of 9.6 + 0.8 X 8.0 = -10.00. A 3.\ by 3 by ^inch angle 
with an area of 2.30 square inches and a least rectangular radius of 
gyration of 0.90 will be assumed. The unit-stress P is 7 090 pounds 

per square inch, and the requirtnl area is ^ =^ 2 . 20 scjuan* inches. 

As the required and the actual areas are very close together, this 
angle will be used. 

The rivets recjuired in single shear are: 

- X 1.5 -= 2.96 (.say .'0 shop rivets, and 

2.90 X U = 4.44 (say 5) field rivets. 

By computation similar to the alxn-e, it is found that 4 shop or 5 
field rivets are required in bearing. Since the bearing recjuires the 
most rivets to make the joint ssife, 4 shop or 5 field rivets must l)e used. 

If the Specifications would have allowed a 3 V by 31 by ,\-inch 
angle with an area of 2.09 square inches, this angle would have 
exactly fulfilled the requirements, the recjuired area being 2.09 
square inches. 

The member L^j^ a' w^^^st be designed for a maximum compres- 
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sivc stress of S.O + 0.8 X 4.1 = -11.28. A 3 bv 3 hv ?-inch 
angle with an area of 2.11 scjuare inches and a least radius of 
gjTation of 0.91 will Ik* assumed. In this case the unit-stress is 
7 100, and the area rerjuired is 1 .58 s(juare inches. The required 
arc»a is c*onsi<lerahly less than the area of the angle assumiMl; hut it 
must l)e use<l, sinc»t» it is the smallest allowed by the S|)ecifications, 
which recjuire that the material shall not lx» less than J-inch, and 
fn)m Table XXI it is seen that 3 inches is the smallest sizt* leg in which 
a J -inch rivet can 1h» used. 

The stn*ss<\s in all the memlnTs of the lower lateral svstem are 
less than the stn»sscs in the memlKT just designcMl, an<l therefore* all 
memlHTs of the lower lateral svstem will Ik* made of one 3 bv 3 by 
2 -inch angle. 

For the last meml)er designed in the upper lateral system, and 
for all memlHTs in tlu* lower lateral system, 3 shop or 5 field rivets 
will Ik* rcfpiirt^d at the ends. These are more than sufficient to take 
up the stri\ss, but it has been found that less than thriT rivets do not 
make a gocnl joint. 

The stress sheet, Plate II, shows the general arrangement of the 
lateral svstem, the number of rivets in the connections and also in the 
connection plates when* they join the flanges. 

'^riie iutirmi'diutv rwss-framrs do not lend thenist^lvcs to a theo- 
retical design, since the stresses which come upon th( ni anMiot easily 
ascertained. It is good pnutice to recpiin^ that all mcmlKTs be of 
the sizes as i^iven below: 
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The angles in the iiiterniediate eross-frauK s will therefore be l\\ by 
3 J by ii-ineli. 

Thv end cross-fratnrs (see Fig. ir)4) act in a manner somewhat 
similar to the j)ortal bracing in a bridge, snice they transfer all the 
wind which comes on the top chord and on the train to the abutment, 
'^riiis load, which acts at the level of the ties, is in this case (stv Article 
24 of the Specifications): 
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P = 



600 X 61 ft. 9 in. 



= 18 525 pounds. 



It is usually assumed that half of this is transferred to the point a by 
means of a-b, and from there down a-6' to the masonry. The other 
half goes directly down b-a' to the masonry. This causes stresses as 
shown in Fig. 154. Note that the stress in a-b will always be com- 
pression; but the stresses in the diagonal will be either tension or 
compression according to the direction the wind blows. The mem- 
ber a-b will be a 

3iby3ibyHnch .=r ^ -92^3 ^_Pilfi51&. 

angle. To form ' N^ ^^xj 

the connections at 
its end, 3 shop or 
5 field rivets will 
be used. 

The maxi- 
mum compressive 
stress for which 
the diagonals are 
to be designed is 
12.70 -f 0.8X12.70 
= -22.86. Here 
the length is 108 

inches if the angle tends to lx*nd one way; but if it bends as 
shown by the broken lines in Fig. 154, the length will Ix; one-half 
of this. For this reason, angles with unequal legs should be used, 
the longer leg extending outward. This allows the greatest rectan- 
gular radius of gyration to be used. 

A 4 by 3 by ,\-inch angle with an area of 2.87 square inches 
and a radius of gyration of 1 .25 will be assumed. The unit-load P 
is computed to be 8 750 pounds, and the required area is therefore 
22 860 -r- 8 750 = 2.61 s(|uare inches. This does not coincide very 
closely with the given area, but will be used since this angle comes 
nearer to fulfilling the condition than any of the other sizes rolled. 
The joint will require more rivets in bearing than in single shear. 
It is not necessary to pi»rform the complete computations in order to 
determine this, since a comparison of the values of a rivet in single 
shear and in bearing shows that the value in bearing is less than that 




Fig. 154. Action of End Cross-Frames. 
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point is designed, and the remainder are made the same in size and 
have the same number of rivets. An exception to this is where a 
stifTener comes at a web splice. In this case the size is usually kept 
the same, but the number of rivets is changed somewhat to conform 
to the requirements of the splice design. 

The second intermediate stiffener comes at the first tenth-point, 
and is 6.175 (say 6.2) feet from the end, since it is at the first panel 
point, or opposite the first panel point, of the lateral system. The 
first stiffener will be 3 . 1 feet from the end ; and scaling off the value 
of the shear at this point {see Fig. 134), it is found to be 108 000 




Fig- ISS. Crimpini 




pounds. Here the length I to lie used in the formula for the unit 
allowable compressive stress is 74J — 2 X i = 72 . 75 inches, the J 
being the thickness of the flange angle. The section of the 
material which according to Article 4S of the Specifications is to be 
considered as a column, is shown in Fig. 157. The assumed 
column cannot bend about the axis B-Ji, but about the axis A- A, 
and therefore the radius of gyration about the axis A - A must be 
computed. The moment of inertia of the fillers and the well plates 
about their own axes is considered as zero. 

A 4 by 4 by i-inch angle with an area of 3 . 75 square inches will 
be assumed to be sufficient to withstand the stress. The moment 
of inertia of this and the tiller bars and the web portion is 

/,„. - 2(5,55 + 3,75 X2,12' + 3,00 X 0.563') = 4G.70. 
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additional strength l)eing allowed in oixler to withstand the effeets 

of the end cross-frame when in action. 

The bearing determines the number of rivets rt^juired in each 

117 SOO ^^ 

= 1 2 sliop 



2X4 920 



pair of stiffeners. '^I'he number required is _ 

rivets. 

Some engineenj arbitrarily choose the iitiffeners n»gardless of 
the shear, enough rivets, however, being put in the end stiffeners to 
take up all the shear; and the spacing in the intermediate stiffeners is 
made the same. One notetl engineering firm deteniiines its stiffeni rs 
according to the following: 
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No rational method has as yet been deteniiined for ascertaining 
the stresses in the stiffeners of plate-girders. Results obtained by 
placing extensometers on the stiffeners of actual plate-girders appear 
to indicate that the stressc^s are verv small, in fact in most cases not 
being greater than 1 50() or 2 0()() |X)unds jht s(|uare inch. 

PROBLEMS FOR PRACTICE 

\. Dcsijcn, acconlinj^ to (/oopor's Specifications, the end stifTcncrs \\ 
the shear is 150 000 j)Ounds, the distance back to back of anu;les is G feet 0^ 
inches, the web J inch thick, and the flange angle G by G by J-inch. I'se fillers. 

2. Design the intermediate stiffeners for the girder of Problem 1, 
above, where the shear is equal to 75 000 pounds. Use crimix*d stiffener angles. 
Note that in this case the angles lie close against the web, no filler bars being 
used in between. 

76. The Web Splice. Web splices are R»(iuiR'(l Ix^'ause of the 
fact that wide plates cannot lx» rolled sufhciently long. Web splice s 
should be as few as j)ossible, and good practice demands that they be 
placed at the same points as the stiffener angle. 

Tlie tables on page 30 of the Caniegie Handbook give the extreme 
length of plates which can be procured for any given width. The 
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length of plates for widthswiiioh arc not f^ven in these fables, should be 
taken etiiiai to the length i>f tlic next plate given whose width is less 
than that of the desired plat<-. From the firet table it is seen that a 
74 by ^-nich plate can W rolleil np to 4(K) inches, or 33 feet 4 inches, 
in length. Therefore, if ihc girder luuler consideration is spliced 

at the center, the wch plates will Ik' reijiiircd to be- ' ' -■ ■'!() 

feet lO-i inches, which vnliie docs not exceed the 33 feet 4 niches as 

given alxm-. 

According to Articles 4(i and 71 of the Specifications, a plate must 
^_^ l)e placed on each 

si<le of the web as 
shown in Fig. 159, 
and enough rivets 
placed in each side 
to take die total 
shear. The total 
thickness of l«)th 
plates, and also 
their length, nui.st 
U' sufficient to 
s(!ind till- (oial 
sliear, hut must 
not Ik- less than 
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Article 54 of the Specifications or in oixler to make the spacing in the 
stiffener angle the same as that in the other stiffeners. This detail 
is to be left to the draftsman, the rt»quired number only Ixung put 
on the stress sheet 

In case J of the gn)ss art^a of the web is considered as efficient 
flange aix?a, then provision must 1k» made in the splice for the bending 
moment which the web takes. A very economical and efficient splice 
is shown in Fig. IGO. The horizontal plates take the stress due to the 
moment, and the vertical plates take the stress due to the shear. 

The web equivalent is 3.47 square inches and the total 
moment is 1 615 000 pound-feet, which is composed of 275 000 pound- 




Fig. 160. Splice Consisting of Vertical and Horizontal Plates. 

feet due to dead load and 1 .'UO 000 ])<)un(l-f(rt due to live load. 
Therefore that pn>jK)rtion of the '^A7 wliicli is taken up by the dead 
load is: 

X .^.4/ =- 0.,>9 snuare inch; 
1 01.5 000 ^ 

and that projwrtion tiiken up by the live load is: 

1 :uoo(K) ., .^ ., ..^ . , 

X 3.47 - 2.8.S .sciiiare mclios. 

1 015 000 ^ 

The ecjuivalent flange area is a.s.suine(l to act at the center of 
gravity of the flange; and the bending monients etiuivalent to the 
above areas arc, for dead load: 

0.50 X 20 000 :• 72.551 - S5G 0(M) poiind-inrhes; 

and for live load : 

2.88 X 10(K)0 X 72.551 2 ODO 000 pDund-inches. 
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These lx*n<ling moments must l)e taken up by the horizontal splice 
plates The stressi»s in these plates (see Fig. 160) aix», for dead load : 

85G 000 ^ _^_ , 

-. . .,. = lo < 80 pounds; 
i)4 . Jo 

and for live load, 

2 01)0 000 ..^ .„^ , 

— ,' .,. = .58 oOO pounds. 
o4 . 2o 

While the allowable unit-stresses are a maximum at the ct»nter 

of gravity of the flange and are those given by the Specifications, they 

decrease rapidly towards the center of the girder, being zc»ro at the 

neutral axis of the entiix* section. The unit allowable stress at the 

c*enter of the horizontal plates will not Ix^ so great as the maximum 

allowable, but will l)e proportional to the distance from center (sc»e 

Fig. IOC)). The horizontal plates will be taken 8 inches in width. 

The unit-strt*ssc»s are easilv determined bv means of the similar 

triangles oah and oah' . The dead-load stress is determintxl from the 

proportion : 

54.25 

S' 2 



I'he area reciuind for this plate is, for dead load, , - . 

.... -.w. l"! -^'>^^ 



20 000 7 2.25 ' 

and is 14 950 ]K)un(Is. For live load, the unit-str(\ss will l)e one-half 

of this amount, or 7 47.') pounds. 

IT) 7(S() 

- 1 .03 

s(iuare inches, and for live load _ . ^ 5.10s(iuare inches, niakinir 

a total of (i.lM s<jnare inches for i)oth plates. Assuming two r:v( t- 

holes out of the .section, the net width is S — 2 (; -f i) =- ()inclus; 

() 21 
and the reciuired thickness for one phite is '^ =^ 0.r)2, .sav ,\ 

men. 

Tile joint will i)e weakest in bearing in the ij-ineh web. The 

number of i ivets re(|uired is : 

1.') ()7()-i- :^s .')()() , , , 

^ ^ J 1 ."^h(»i> rivets. 

1 i>2U * 

The design of the .shear plate is as follows: The .shear is 2S COO 

. 2S {]{){) 
pounds, and the recjiiired area is .., -^ .'i.lS s(jiiare inches. As 

the len!j:th of tlie ])late is 4()! inches, the reciuired thickness is * * * - 
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= 0.034 inch, but on account of the Specifications it cannot be less 

tlian i inch thick. It will, however, l)e made 7% inch thick, since 

it will then fill out even with the hori7X)ntal tension plates and no 

filler will l)e refjuired. Bearing in the web plate deeid( s the numlx^r 

of rivets, which is: 

28 600 



4 920 



= 6 shop rivotR. 
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The width of this shear plate should l)e, as lx?fort», 10 inches. The 
sjime conditions limiting the spacing of the rivets apply here as in the 
case* wh(Te the splice was designed for shear only. The length of the 
horizontal plates should be sufficient to get in all the rivets, and this 
is a detail which is left to the judgment of the draftsmjin. 

PROBLEMS FOR 
PRACTICE 

1 . A plate- 
pi rder is 87 ft. 9 in. 
ci'iitcr to center of 
o:i(l bearing^. The 
dead-load moment 
is 9 125 000 pound- 
inches, and the live- 
load moment is 
.SS 20.5 000 pound- 
inelies, the total 
shear at the sec- 
tion being 202 700 
pounds. The web is 
90 by jVJnch, and 
the (lange angles are 
G by G by J-inch. 

Design the web splice when no j)art of the web is considered as taking 
bending moment. 

2. For the girder of Problem 1, above, design the splice when i of the 
gross area of the web is considered as effective flange area. 

77. The Bearings. Articles 113 to 119 of the Specifications 
should be carefully studied before proceeding; also Article S7. Article 
70 should l>e referred to, and the remarks there made about bearings 
should l)e read. In case the length of bearing is such as to allow a 
simple ^-inch plate, care nnist be taken that the bearing plate does 
not extend past the flange angles more than 2 inches, or that the 
masonry plate does not extend past the l)earing plate over 2 inches. 
Rtferena* to "Steel Construction," Part II, p. 90, to Fig. 1(31, 
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In case it is ilcKirahk to have a simple inasonrj' 
cast-sUvI [Niirstal.anil to liavc the plato rxtend nvcr l\\r 
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^f the pressure coming upon the fon^ani end. The use of this style 
^f plate is not to l)e recommended 
''>r spins over 40 fcTt. 

The design for the lx*aring 
of tlicjrinler under consideration 
^**n now l)e made. The total 
'^^otion of one girder must now 
^ c-omputed. This will Ix* due 
^^ the weight of the steel in the 
P^ler, to the weight of the 
*^i'k. and to the reaction pn>- 
'hic^l ijy i\^^ Yj 40 loadint^ wlien 

^'hcH'l 2 is din»ctlv over the end 
^^Pport. This reaction is: 




m 

btmn.^ Pl«u 

Mt3onry^ 
PlftU 



Fit;. 1^*3. KtftK-l of Il.ivlne Masonry Plate 



Weijcht of Stool, 



(\2:i ') 4- 10 X G1.7.'))01.7.> 



4 



- 1 1 4:^0 pounds 



400 
Woight of Track, - . (01 



'} 



5 + 1 .7')) i 
Koaction Duo to I'ngiuo Loading 

Total 



i t 



it 



- 097(K) 

-117 4X0 jmunds. 



The squan* inches of l>earing surface Required is - . =^ 470; 
and, as the length is 1 foot 9 inches, or 21 inches, the total width of the 



cast-steel pedestal willlK* ^^ =22.4, sav 23 inches, or 1 foot 11 

21 

inches. 

A l)earing plate must l)e riveted to the lower flange where it 
rests upon the pedestal. The pedestal must be so constructed as to 
allow this l)earing plate to set in it. Hand-holes should 1h' provided 
in the casting in order to allow the bolts which connect the casting to 
the ginler to lx» inserted. These bolts should be at least ^ inch in 
diameter. Anchor holts I inch thick and at least S inches long should 
Ixn provided and fox-liolted to the masonry. The thickn(\ss of the 
metal in fill parts of the casting should be at h^ast 1 } inches. The 
details of the j)edestal are given in Fig. 104, the length of tin* bearing 
being made 12 inches so as to allow one rivet to !)e driven in the 
flange angle in the space between the end stifFeners. 

Allowance should be made for a variation of loO degrees in t<'m- 
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peraturt*. The coefficient of expansion for steel per unit of length is 

().0()0(K)Gr>, and the amount of expansion for 150 (legre(\s of tcmpera- 

turt» will Ik*: 

0.00O0OG5 X (61 ft. 9 in.) X 150 - 0.00 foot. 

This is about J inch, and thcrt*fore the holes in the flangi\s at one end 
of the ginler should Ik* made oblong and long enough to allow the 





Fig. Kil. Side and Knd KU'vaiions Sho\%iii>? Construction of Pedestal and Connection 

to Hearing l*lale. 

ginlor to move J inch, or 2 inch either backward or forward fn.m a 
ci'iitral jK)siti()ii. In dctcrniining the length of this slotted hole (.see 
Fi^. Hi.")), it must be noted that the ;-inch lK)lt takes up jwirt of this 
hole, jmd therefore its length .should Ih' ^ F J =^ siiy 1 J inches. '^Hie 
width of the hole shouM be .sufficient to allow for anv over-run in the 
diameter of the bolt. It .should be at least 1 J inches wide. 

PROBLEMS FOR PRACTICE 

1 . I )etermine the distance center 
to center of tiearin^s, and the nize 
of the masonry plate, for a phite- 
girder of 4()-foot sj)an under coping, 
the loading lieing K 40. 
Ans. 41 ft. 4 in.; 3o0 s(|uare inches. 

(No IK— Interpolate values in Ta- 
ble I, ('ooi)er, p. HO.) 

2. If the girder span is 78 feet 
under coping, and the loading K 40, 

determine tlie niaxinmni end reaction and the width of tlie masonry 
plate. Ans, 147 l:U) j)ounds; 24 J inches. 

78. The Stress Sheet. Plate II (p. 1 72 j shows the stress sheet for 




Fij:. IG.'S. Slotted UoltHolo in Flanpoat 
Knd of ( Jlrd«r t(» .Mlovv forContrartion and 
Expansion I)u«' to T«*nii)»Taturr ("lian^jes. 
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the ginltT which has just Urn <lesi<jnc(l. It n^|)n*st»ius tlu* In'st iiUMli'm 
practice in that it gives, ni mhlititm to the sizes of all the sections, 
the curves for the maximum shears and moments, the rivet-s])aeing 
cun'e, and the numlx*r of rivets re(|uirtHl in the (Hlfen^nt parts of the 
structure- Tliis gencnil form has Uhmi adopted l)v one (»f the larp'st 
hriclge corporations in this country, and is to he rtTonnnended since 
it gives the draftsman all necessary data and thus pri'vents the loss 
of time by an incxpericnct»<l man in n*computin^^ certain results. '^Fhe 
results just referred to an* the slu»ars, the moments, the rivet spacing, 
and the number of rivets n-quin-d in the various parts. Formerly it 
was not customary to give this information on the stnss sheet, anil 
the draftsman was thcn»fort* recjuiR'd to do all this computation which 
had previously l)ecn worked out by the designer hut had not i>een 
placed on the strc\ss sheet in available form, and thus unnecessary loss 
of time resulted. 

DESIGN OF A THROUGH PRATT RAIIAVAY=SI>AN 

79. The Masonry Plan. The same* n'lnnrks which are made 
in Article G7 apply here. In this case the len«;tli of the inasnnry plate 
is usuallv dctcnnincd hv considerations relative to the nunil»cr iind 
length of the rollers in the Ixvirin^, and not hy the hearing' per Mpiarc 
inch upon the ma.sonry, the size of tin* jilate as determined hy tlic 
alnive considerations iH'infC usuallv nnich larircr than if it had i>ccii 
dctcmiiniHl hy the unit hearin*^ str(\ss. A ])rcliniinary dcsii^n of ilic 
masonry plate is usually made in a manner similar tn tliat dune in ilie 
ca.sc of the plate-^inler; or the length of the masonry y\n\v may 1m- 
appn)xiniately ilctermined fn)m the follow inir: 
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Till* alnive masonry |)la tes are for sin^l«'-track l)ridi:«s, willi or with- 
out end (loor-lwams, the len«;tli l)cin«r the same in eillur <a>e. 
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tluit Arliclr.'iof r!LiS|Mritiiati'>ii~i~ H' In- n-fiTni! to. 

'I'lic .irii.^'-T-. ill ilu- l.ri.Lv in .lUf^timi will l„- lakfii (i ft.Cin- 
i-iriliT U> (■■■riliT. Tlif rTiaxiiiiiiin Inadili;: 7> i, -iich as lo bring 
N ;',:;:! [-.iin^l^on .nir ti.-. mill f, llii^imi^t l>c ailiii-.! KHI }XTwnl fof 
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mh'Hi.hI of asMniiin- tlu' .li-rann-, <'.iit.T n. (t-nU-r -f r.iils.aso tcft, 
llial <!i>lanc.' will ]»■ iixil iti lliis ciw. Tin- niaximiini moment mil 
Ihrii Im' II / UiCiC.T sav, l-'idiKMI i>iiniiii-im-lics. The siwolthf 
li.-witl Ik- 1lrl.Ti1ii11.1l as ill Article 71. llu- allowable iinit-stiws 
l,.'irn; ■^(NH) |M.iinil^ (..r Mpiar.- iiuli i.".-. If a 7 l.y !)-inch tie is 
n.scl, III.' iinit-stn'ss will l.r 1 :.1Hl ])..un.l.-^. If a (i i>y .S-incli tici* 
lis.-.!, till- iinil-strrss will \»- '2 -'M iKinnils. It is t-vident that a? 
l»y'.)-iiK-li tie must be ust'il. Set- Vig. IfKi forsjmcing of stringers and 
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rails, and for position of the loads. Note that, although impact 
is taken into account in this case, the size of the tie is the same as 
that designed for the plate-girder, although the unit allowable stress 
also differs. 

82. The Stringers. The width, center to center of trusses, will 
be assumed as 17 feet, since this is sufficient to clear the clearance 
diagram in cases of single-track bridges of spans less than 250 feet. 

The span which is to be designed in tJie following articles is a 
through-Pratt with 7 panels of 21 feet each, making a total span, center 
to center of bearings, of 147 feet inches. See Plate III (p. 251) . Rivets 
I inch in diameter will be used throughout, except in channel flanges. 

The length of the stringers end to end will be 21 feet, and accord- 
ing to Cooper's Specifications, p. 32, the maximum moment for the 
live load will be 226 000 pound-feet per rail. The coefficient of 

impact (9) will be (— ^^7^) = 0.935, and therefore the moment 

due to impact will be 0.935 X 226 000 X 12 = 2 535 000 pound- 
inches, making a total of 5 247 000 pound-inches due to live load. 

The section modulus for any particular beam is ecjual to the 
bending moment divided by the unit-stress, and this is equal to the 
moment of inertia divided by one-half the depth of the beam. This 
latter quantity is constant for any given beam, and for I-lK*ams may 
be found in column 11, Carnegie Han(ll)ook, p. OS. 

On account of the cheapness of I-beams, they will l)e usimI for 
stringers in this bridge; and sufficiently heavy shelf angles will be used 
to take up any distorting influences due to the eccentric connections 
which are unavoidable in this case. In case an I-beam had not l)een 
decided upon, the stringers would have been small plate-girders with 
a span of 21 feet and depth according to formuhr given. They would 
have been computeil in exactly the same manner as a plate-girder 
span of 21 feet center to center of bearings. 

Since the dead-load moment cannot be determined until the size 
of the stringer is known, an approximate design must first be made 
by using the live-load bending moment alone; and then, with the 
size determined in this manner, the extra sectiort modulus recjuired 
for the dead-load moment due to the weight of the beam and' the 
track must be computed. If this extra section mcxhilus, addcnl to the 
one previously determined, is greater than that given by the l>eam in 
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The rivets will tend to shear off at places between the webs of 
the stringer and floor-beam and the connec*tion angles. They will 
also tend to tear out of the web of the stringer and out of the web of 
the floor4>eam. As the tiiickness of this latter is not kno^\^l, tlie 
determination of the rivets for this condition will Ix^made under the 
next article. The Ix^aring value of a ;--inch rivet in a i-inch plate 

(19) is I X i X 24()0() = 10 .500 pounds, and therefore '"^^ ^^^^ 



10 500 



- .') 



shop riv(»ts are rec|uirt»d in lx?aring in the web of the stringer. The 
value of a ;-inch shop rivet in single shear (18) is 0.(5013 X 12 (KK) -^ 
7 220 pounds, and the numV)er of rivets required to prevent shearing 

l)t*twt*(»n the connection angles and the webs is*-.^— ^^ - = 7 shop rivets. 

f> 7 220 * 

The value ofa .;-inch field rivet in single shear (IS) is 0.0013 X 10000 
= 013 |Knuids,and therefore- — -— = field rivets an* re(|uinMl to 

connect the c*onnection angle to the web of the floor-lK*am. As nien- 
tioncil above, the nunil)er of rivets 
in I Hearing in the web of the floor- 
beam will Ik» determined in the 
next article; and if the numlier 
refjuircil for l)earing is greater 
than 0, then that luimlKT must 
Ik* useil instead of 0. Fig. ir)7 
shows the c*onnection of the 
stringer to the floor-beam web, 
and also the number of rivets as 
determined alcove, in their proper 
positions. The distance l)etween 
the webs of the stringers must 
be such as to prevent their flanges fn)m touching at the top. 

ITie stringers should be connected at the bottom by a svsteni of 
latend bracing of the Warren tyjx*. The size of these angles cannot 
Ik* determined bv theoretical considerations, l)ut is usual! v chosen to 
be 3A by 3 J by 2-in. See Plate II (p. 172) for the general arrangc^ment 
of this bracing. 

S3. The Floor-Beams. All floor-beams should be of sufficient 
depth to allow the use of small-legged connection angles at the ends 




V[g;..](u. Cnnm'vtion of Strinjror to Floor- 
Uruiii W»?b; also Numbvr of Kivois. 
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where they join the end-posts. The thickness of the web shnii]^ also 
be greater than that whicli is theoretically computed, in order that 
sufficient bearing may be given so that the rivets for the stringer 
connections will not require the stringers to be of too great a depth. 
Tlie depth of the floor-beam will, of course, varj' somewhat with the 
length of the panel and with die loading, but should not be less than 
36 iuclies in any ca.se. A considerable variation in the depth will 
not affect the weight of the floor-beam or the bridge to an appreciable 
extent. A good plan is not to exceed a depth of 5 foet, with panel 
lengtlis of 25 feel and K .Vl loading. In this bridge the depth of all 
intermediate floor-beams will l>e taken as 4S inches. It is good 
practice not to consider } the web area when designing flanges of 
floor-beams and stringers, and the design here given does not consider 
the web as taking any bending moment. 

The design of an intermediate flooi^beam will now be made. 
The loads for which it is designed are the flooi4)eam reaction due to 
the live load (see Cooper, p. 32), the floor-beam reaction due to impact, 
the dead weight of the stringers and track, and the weight of the beam 
itself. The latter weight is distributed uniformly over the entire 
length of the beam, and the other loads act as concentrated loads 
spaced 6 feet 6 inches apart at equal distances from the center. 
The computation of the concentrated loads is as follows: 

Live Load = fiS 000 poundfl 

Impact - OR 000 x ( -,7-^_^oo ) lOSOO " 

Dcici Load ot StrinKpr = 2 ( — '^ ^- ^ ™ ) . . 3 320 " 

Dead Loiiti of Track = '^ X 21 4 200' " 

Tolal = 13G 020 pounds. 
The moment at points under the loads (see Fig. 168} is 136 020 
X •'1.25 X 12 = S.'j?,') 000 pound-inches. This is due to the con- 
centrated loads only. The weight of one flooi^beam may be approxi- 
mately determined by tlie siime formula as used to determine the 
weight of plate-girder spans; only, in place of the length of the span, 
the length of the panel must be substituted. The total weight of the 
above floor-beam, then, is: 

ff' = 0.45 X (123.5 + 10 X21) X21 =3 160 ijounds. 
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Tlie (lead-load moment at the a»nter duo to this weight will be: 

Wl ^ 3 IGO X 17 X 12 
S ~ 8 



= 80 700 |)ound-inche8, 



makinga total momentat thecc^nterof the bt^am of 8 575 000+80 700 
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Flu- !**• Diagram Showing Loads on Fioor-lk>aiu. 

= 8 655 700 pound-iiiclies. Note that the dead-load moment at the 

center of the lx*am is added to the coneentra ted -load moment at the 

point where the concentrated load is applied. This will give the 

total moment at the wnter of the beam as shown by Fig. 100, since 

the ccmc*entrated-load moment is 

ccmstant l^^tween the points of 

application. The end shear is 

it»adily computed to Ik' 130 020 

-f 1 r)SO = i:'>7 000 jx)unds. The 

eun'es of moments and shears art* 

shown in Fig. 100. 

Tlie total depth of the floor- 
l)eam, back to back of angles, is 
48 J inches ; and the effective depth 
will, for appn)ximate computa- 
tion of the flange area, be taken as somewhat less, say 44\ inches, 
since the flange angles will ])robably l)e () by 0-inch and the center 
of gravity of most of these angles lies about I4 inches from 

the back. The approximate flange stress is -.^> — 

pounds, and the required net area (17) will be ic qoO 




Fip. ICAK Shear and Moment Diagram. 



= 194 500 
194 500 
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s= 12 . 2 square inches. In assuming the size of the angle, it is to be 
remembered that when, as in this case, no cover-plates are used, no 
rivet-holes will be taken out of the top flange, and only one rivet- 
hole will be taken out of the vertical flange. 

Two 6 by 6 by |-inch angles give a gross area of 7.11 square 
inches each, and a net section of 7 . 1 1 — . 625 = 6 . 485 square inches 
each, pr 12 . 97 square inches net for both. As this is near the reqiiinxi 
area, these angles i^ill be taken; and a recomputation will now he 
made with the actual effective depth, in order to see if sufficient 
variation in the areas occurs to require another angle to be taken. 
The actual effective depth is now 48 J — 2 X 1.84 = 44.57 inches; 
and making computations with this, it will be found that a net area 
of 12.10 square inches is required. As this is practically the same 

as was determined at first, no 
change will be made in the size 
of the angle. 

The web is to be designed 
for a total shear of 137 600 
pounds. The required area (18) is 



i5K 




i" Wrt) of Ibcam^ 
i* Web of Ibeai 



5hop/^ 



r 



^7 5hop 
II Field 



Floor BcamWtb 



137 600 -« ^^ . , 

lOOOO" ^ ^^'^^ square mches, 

and the required thickness is 

-' '-— = 0.286 inch; but on ac- 

48 



Flp. 170. ralculatlon of Number of Rivets 

through t'omieot lou Anglos of Stringer 

and Floor- Heam Web. 



count of the Specifications (36), 

I inch must l)e used. Tlie web 

will accordingly be 48 by ^-incli. 

The determination of the numlxT of rivets which go through the 

connection angle of the stringier and the web of the floor-beam can 

now be made. The value of a J-inch field rivet in bearing in a |-inch 

plate (19) is J X 2 X 20 000 = 6 560 pounds, and the total numljer 

required in one connection angle will be - ~- -— =11 field rivets 

^ X. o o(MJ 

(see Fig. 170). 

The pitch of the rivets in the flange can in this case l)e 

determined by the use of the formula: 

s = - • 
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Sbce the Sange is of the same cross-section throughout^ the value 
of the effective depth will not change, and it can therefore be used in 
4e above equation instead of considering tlie value of the distance 
l^tween rivet lines. The shear being practically constant from the 
connection of the stringers to the end of the floor-l)eams, the rivet 
spacing will be constant in this distance. It will be: 

7 880 X 44 57 o -i • u 

tbe.value of a J -inch shop rivet in l)earing in the 2-inch web being 
I X i X 24 000 = 7 S80 pounds. This is seen to be less than 2% 
inches; but, as the angles have 0-inch legs, this spacing can be use<l in 
a horizontal direction ; and the distance from center to center of rivets, 
which will be places! in rows on two gauge lines, will still be greater 
than 2§ inches. 

The shear between the stringer connections is practically zero, 
and therefore the spacing wall be very large. Being over 6 inches, it 
will be subject to (37). 

The connection angles at the ends of the floor-beams \iill Ije 
taken as 6 by 3i by J -inch, the 6-inch legs being against the web of 
the floor-beam. The other legs are chosen small in order that they 
may fit into the channels which will very likely be requiix^d for the 
posts; and according to the sixth column, p. 183, Camegie HandlKK)k, 
only 8} inches is available for this purpose. Tliis 8J inches is taken 
from a 10-inch channel, since this is the smallest channel that can Ih» 
used which will give room for connection and yet l)e in accf)nlaiic<» 
mth the Sf)ecifications. This is due to the fact that its web CM')) is 
greater than J inch. The rivets which connect the end angles to \\w. 
floor-lx?am web are shop rivets, and those which connect the end 
angles to the posts are field rivets. Since the size of the jK)st is not 
known, the thickness of its metal, of course, cannot bo used, and 
therefore the numlwr of rivets required in Ix^aring in the [K)st cannot 
he determined at this time. 

The numl)er of shop rivets Required thn)ugh the end an^'lcs 
and the floor-l)eam web is governed by the bearing of the rivets in th(» 
?-inch web of the floor-l)eam. The value of a J-inch shop rivet in 
bearing in a J-inch web (19), as has just been computed, is erpial to 

7 880 pounds, and the number of rivets reciuired is ' =^ 18. 

*^ ^ 7 880 
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Tlic number of field rivets r«|uired 

, , . , , . 137 000 

the end angles with the posts la 



23. 



lingle shear to connect 
en number of 



Web Ot FIOOT 

/-Beam 



G013 

rivets will, of course, have to be uaed, one-half going into each 
of the 3i-inch legs. See Fig 171 (or the portion and the number 
of rivets. It must be remembered that more than these num- 
bers may be used hj the draftsman on account of rivet spa- 
cing wfaid) may be required by 
conditjons other thui those of 
design. 

■ llie deagn of the end floor- 
beam is somewhat diffeient from 
that of the intetmediate floors 
beams in that the load which 
comes upon it is considerably 
lifter, ance this floor-beam 
takes the dead load ot only one- 
half the panel and the -Uve load 
due to the maximum end reaction 
for a stringer length instead of 
the floor-beam reaction for the 
stringer length {see Cooper, p. 
32). 
computed as follows: 



Channel of 

yPost 



£ 



^ES 






lOD 



£3 Field 



Tlic muximuni end shear 

Em! Shear for 21-foot Span 51 400 pounds. 

\ 48000 " 

< 2 X 21 



Impact = 51 400 X (jy^ 
Dead Load of l^tringers = - 



16 



Dead Load of Track = 



400 X 21 



.2 100 '■ 
Total 103 ISO pounds. 
The nmximum moment due to the above load \s 103 180 X 5.25 
X 12 = 6 500 000 pound-inches. The weight of the beam may l)e 
assumed as 3 IGO poun<ls. Tliis is the same as was computed for the 
intermediate floor-beam, but will be used for this beam, since the size 
of the web will be the same as in the others; and, although the flange 
area will be less, the end connections will be somewhat heavier owing 
to the connection of the beam to the end-post and the roller bearing. 
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and this additional weight will cause the total weight of the end 
floor-l^eam to be about the same as that of the intermediate ones. 
The total moment at the center will then be 6 500 000 + SO 700 = 
580 700 pound-inches. 

The depth of the end floor-beam will be somewhat greater than 
the depth of the intermediate floor-beams. This is due to the fact 
that it extends downward a greater distance, resting upon the bearing 
plate, which comes directly upon the top of the rollers. The exact 
depth cannot, of course, be determined until after the roller bearings 
are designe<l; but it may be safely assumed as four or five inches 
deeper than the intermediate floor-beams, and in case this is not 
enough, the draftsman can easily fill in the remaining distance with 
filler plates, as this distance will not be very great. In case this depth 
is too great, the flange angles may be bent upward at the end, or a 
re-design may be made. 

The depth will l)e assumed as 52 inches in this case. The 
effective depth will Ix* assumed as 48 inches, and this gives an approxi- 
mate flange stress of 

= 1 37 000 pounds, 

and an approximate net flange area required of 

1.37 000 o -7 u 

lO^OOb' ^ « •'^7 squaio inches. 

A 6 by 6 by j'^^-inch angle gives a gn)ss area of 5.06 square 
inches, and a net area of 5.00 — (I -f i) I'^j = 4.f)2 scjuare inches. 
A recomputation with the tme efl'ective depth requirt\s 8.42 square 
inches net. Two of these angles give 0.24 square inches; and as this 
coincides very closc4y with the required area, it will be used. The 
size of the web plate is 52 by ^-ineh. 

The pitch or spacing of rivets in the flanges is: 

7 S80 X 48 .. „., . . 
104 /(lO 

The maximum end shear as alx)ve computed is taken by two 
stringers; and therefore the numl)er of rivets recjuiral in l)earing to 
form the connection between the stringers, connection angles, and 
the floor-beam web is, for each angle: 

104 7(>0 o fi , , . , 
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judgment. Experience seems to indicate that enough rivets to take 
up one-third of the total reaction of the stringers wiin>e sufficient. 
This will rwiuire shop rivets, am! the number will be: 
103 ISO . , ....,, 

S4, The Tension Members. Tension meinlxTs usually consist 
of long, thin, flat plates with circular lieads forgid uj«in their ends. 




Piff. 17S. acDCTBl Airnustfiuuiit 



Tlicse circular heads have holes punched tlirough tlieir centers and 
then vcrj' carefully Ijoa-d. Through tliesc hoh-s are nui cylindrical 
Ijars of steel called pins. These pins connect them with other mem- 
liers of the truss. I^cc Cuniegie Handbook, p. 212, for table of I-hars. 
Tile I-Imrs given are standard I-I«irs;and while dei>artures from these 
widths an-'i mmimvvi tliicknessi's may 1m' matle, it may be ilone only 
at great cost to the purchaser. Note that there iitv no standanl 
9-inch I-bars. The thicknesses given are the minimum thickncssis 
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therefore an ex- 
cessively large pin 
v»'oul(i be required, 
and accordingly a 
very large head on 
the I-bar in pro- 
portion to its width 
— all of which are 

• 

very undesirable 
and costly. In gen- 
eral the number of 
1-bars should l)e as 
small as possible, 
and they should Ihj 
so chosen that the 
widths of the chord 
meml)ers increase 
fmm the ends to- 
ward the center of 
the truss, and the 
widths of the diago- 
nals decrease from 
tlie ends toward the 
center of the truss. 
The area of one 
l)ar is obtaine<l by 
dividing the total 
stress bv the num- 
l)er of bars and also 
by the allowable 
unit-stress. Thus, 
for the meml)er 
7^2^ p for example, 
the require<l area 
of one bar is : 



o 



295 100 
2 X 10 000 
square inches. 



- 0.22 
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Tile approximate depth of this bar i» delennuied by taking 
nH)t iiT fi litiH-s >Ii<' an-a tm ftbove tletcnuiiml. It Lt: 

./ - v'B X~9"'2? - 7.44 mebra. 
As this is iifanr 7 thnn S inches, a 7-indj bar will \k oH"*'"' *™ 
IcMikiiig 111 tlic firMt column, Camej^e Handbook, p. 24S, fora""^ 
which will Ix-tiqiial to or in excess of ft. 22, it is found *'"'* 
I J-iiieh bar satisfies this condition, and thcrefon" the artrtioo o' '"'' 
tlK'Ullx't consists oF two bars 7 by 1 ? inches. 

According to (80), the first two .sections for the lower chiitil "^ 
to Ik- made of built-up nicml>crs. This re<]uiits that itv^lew "* 
I-Wps tliey atv to lie marie of angles and plates, or, in caw thcsttrssis 
light, of channels. The depth of the section is limited l>y ilip ^ 
of the greatest I-l>arhead. As the diameter of l!ie I-twr bead liqc-ral* 
mxiii tlw siiw of the pin, it cajinot of course be determined airiiraifiy 
before the pin is <iesigned. It is customary to a.ssiime the Ui?n' 
h<')>d, and to desijfii the section so as to clear this, 'itic siarol ihf 
largi'st head for bars of given width is ^ven in the Carnegie Hand- 
iMHik, p. 'i\~. 

The design of the ineinber /.„/,, will depend upon the aa" o' 
(Ik< largest head of the 7-inch I-bar of the member V,L,. "ITiLs is IT) 
lnche>; :iiid in oiiKt tlml the bead may have some elearaiiee, it »ill 
Im- uen-.s-siry [o :iilil '. inili tii the top and the Ixittom, making a total 
i.f ls|. iiiilii-s, Siiur (lie lljiiige angle, as in the caw of plate-orders, 
will lAti'ii.l uv,T tin- plate almut 1 inch, the plate itself may be 18 
itubes «i,l<- and -liil ^'ive siifHeieiit clearance. 

'I'll.- toial >ui-> is -';!12(K) ix)unds, and tlie allowable unit- 
siu's-. I l.'.i i- liloiKi j»)uii<l.s JUT square inch. The re<|uired net 



Areciiiini; i>' ilic S(«i illiiiiii'ii-i, ibf thickness of the plate cannot be 
l,-,s tban .; iiu li. Tlir -ii>- aivn i.f two IS l>y ^ineh plates b 13.5 
.,,u;,n- in.'hi-s, and ili>- ,i;n.-> atva of four iU l>y V. by '-hich angles, 
vvlii.baii'as^mii.d i" !..■ >iiliiiienl, is (l.iHi s([Uare inelies, thus making 
a iiii:il i;n'ssiit'i-a i4'S-). r_'si|iian- inclu-s. If ."> rivet-holes arc assumed 
to !«■ taken out of eaeb wi-li. and one rivet-hole taken out of each 
angle, this will ivquiiv a wrtain luinilRT of square inches to be 
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174 or less 



de<lucte(l from the section, and this is computed as follows: 

Out of webs, 2 X 5 (J -f i) X i = 3.75 sq. in. 
Out of angles, 4 (J -f i) X f . . = 1 .50 " " 

Total = 5.25 sq. in. 

The net area of the section is now determined to he 23 .42 — 5 .25 =- 
IS. 17 square inches. This is somewhat greater than the required 
net area, hut must l)e use<l, for according to (39), these are the smallest 
and thinnest angles that may be used. 

Figs. 173 and 174 show the cross-section and the general detail 
at Lj- The with of the meml)er cannot be determined until after 
the section of the end-post is 
computed, since it must fit inside 

of the end-post, the horizontal 

legs of the angles being cut off to 
allow this. The end-post. Arti- 
cle S7, is 14i inches inside. If it 
is as.su mtnl that all the pin-plates 
on the end-j)ost are placed on 
the outside, and all those at L^, 
on IjqL^ are on the inside, then 
the width of LJj^, back to back 
of plates, must be 14 - (2 X 1 
-f 2 X g) = 12} niches or less, 
J-inch clearance being allowed 
l)etween the sides of the angles and the web plates of the end-post 
(see Fig. 17^3). 

The total net section through the pin-hole at L^ (2G) must be 
H X 18.17 = 22.7 square inches, or 11.35 square inches for one 
side. The plate which is to increase the section must be on the out- 
side, since the intermediate [X)st f 2^^2 '^"^' ^'^^' ^^^'^* I-bars of member 
UJj^ must go inside. The gn)ss width of this plate is 1 ![ inches (see 
Fig. 174), and the net width is 2w = 11} — 5 = 6} inches. The 
net area through the pin is: 

Two 3i by 3 J by |-in. angles =4.96 square inches. 

One 18 by ^in. plate = 9 - 5 X i = 6.50 " ** 

Total = 1 1 .4() square inches 

Since this is greater than the 1 1 .35 re(iuired, no plate will be necessary 
to fulfil (20) in this respect. 




Fig. 173. Cross-Soctlon Showing? Coustruc- 
lion of Lower Chord Member. 
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Sufficient bearing area must be provided at this point. The 

total stress is 234 200 pounds, the total l)earing area required is 

234 200 

'^ — -= 9.76 square inches, and the total thickness for one side is 

24 000 ^ 

9 76 . . . . . 

' — = 0.976 inches. Since the thickness of the web is i inch, the 

2X5 - 

pin-plates must be . 976 — . 50 = . 476 inch (say \ inch) thick. 
A i-inch pin-plate must be used, and as the total thickness of the 

bearing area is now 1 .00 inch, this pin-plate will take ' X -— cy " 

= 58 550 pounds. The joint is weakest in shear, and will therefore 

require ~^ c^c^^ = 8 -f (say 9) shop rivets. 

In case it is necessarj' to put the member V ^^ on the outer side 
of io^2> ^^^ ^c outer legs of the upper angles must be cut off to allow 
(/jLj to pass. This will decrease the section by an amount (3\ — \) 
X t = 1.20 square inches. Considering the pin-plate, .which is 
(18i - 2 X 3i) - i = Hi inches, the \ inch being allowed for 
clearance between the edges of its flange angles, the total net 
section through the pin-hole on one side will be: 

One Angle SJ by SJ by j-in. = 2.48 square inches 
One Cut Angle 3i by 3i by J-in. = 1 .31 
One Web (18 - 5) i sq. in. = 6 . 50 

One Pin-Plate (11} - 5) | sq. in. = 2.34 






Total = 12.63 square inches. 

This is greater than 11 .35 as required, and is therefore safe. 

The distance from the center of the pin to the end must now 

l)e determined (26). The total wQi section of the IxKly of the member 

is 18.17 square inches, or 9.00 s(|uare inches for one side, and the 

thickness of the web and the pin-plate is 1 inch. The distance fn)m 

9 09 
the pin to the end of the member is then '- - = 9J inches, and the 

distance to the center of the pin is 9i + ^ = 11^, say 12 inches (see 

Fig. 174). Rivets should be countersunk where necessar}^ to prt^vent 
interference with I-bars. For signs, see "Steel Construction," Part 
III, p. 192, and Carnegie Handbook, p. 191. 
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At point L„ of this member, the pin is 6} mches in diameter, 
B are cu( (see Fig, 

4.S1.S, and the ' 



its previous! 



iitioned, the legs of the anglet 



The tola) bearing area requii«l for one side is— 

rcquin.-d tliickness is - " ■ ■ ^ 0.781 inch. Subtracting the (liicknen 

of iJie i-inch wt-h from this gives 0.281 inch. A i)in-plftte } ind 
tliick must be used. 

The net aa-u through the ]Hn (26) must tic 11 .35 si)uun- indHS. 



// 



/:^ 



Tliis 
tlicir 



TiiiH shows Ihe .section lo W <!eficieiit, and the tliii-kiu-.-vs of lb pui- 
jiliile must 1h- made \ incli. Tliis ^wv^. a net area tliroiif;!) the p 
of i 1 .{\'l s(|naa' inehes. 

TIk- di,slanee U-lwet-n riv.-l lines (sei- Kij;. ]7:jl is 171 i"*'''^'*' 
and (44) the lie-plates must \k 17{ (say IS) inches long, and their 

thickness ---■"- = 0.34C inch (aav i inch). 
50 
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The lattice bars (45) must be 2i inches wide, and (47) must l)e 
double. From (45) and Table XXV, page 219, the thickness must 
be ^\ inch, the distance c l>eing 17.25 X secant 45° = 2 ft. Oi\ in. 

The design of the hip vertical V Jj^ is also made in accordance 
with (SO) of the Specifications. It will be assumed that the section 
consists of one 8 by i-inch plate, and four 3 J by 31 by J-inch angles, 
since this is the lightest section that may be used according to the 
Specifications, the S-inch plate Ix^ing chosen as it gives some clearance 
between the inner (xlges of the legs of the angles. 

The total stress in the member is 141 600 pounds, and the unit- 
stress is 16 0(X) pounds jkt square inch, thus requiring a net area of 
S.So scjuare inches. The plate gives a 
net area of 2 . 20 s(]uare inches, and the 
Tour angles give a net area of 6.SS scjuait* 
inches, making a total of 9.08 square 
inches, one rivet-hole being taken out of 
each angle, and two out of the web, at 
any particular section. The net area is 
somewhat greater than that required, but 
must be used, as this is the minimum sec- 
tion allowed by the Specifications. Fig. 
176 shows a cross-section of this member 
as al>ove determined. 

This memlx*r will be connected to the upjx'r chord and end-post 
by means of a pin which is 6 J inches in diameter, the diameter of the 
pin l>eing determined later. The total strei>s is 141 600 |X)un(ls, and 
this will Ije taken by two plates, one on either side of the member. 
The net section of the memV)er is O.OS s(|uare inches, and the section 
through the pin {2r») must be 25 per cent in excess of this, making a 
total of 11.35 s(|uare inches, or h.^"^ stjuare inches for each plat(\ 
The total width of thes(» plates will Im? taken as 12 inches, and this 
(see P'ig. 177) will make the rcfpiired thickness: 



l"m. 176. 



my//m<w^^ 



(.'ross-S«*cti<>ii f»f Hip 
Vertical. 



f) . r»s 



2c 



,5 .OS 



Fig. 177 shows the details of the.se pin-plates. Since the al)ove 
thickness is tw) great to Ui ])unehed in one single piece, the above 
thickness will l)e made up of two plates, each I inch thick. The 
area at section A-A must 1k» ecpial to that of the body of the bar. It 
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is 12.00 X i = 6X)0 square inches for one aide, or 12.00 square 
inches for both sides. AsthisisgreaterUian the 8.85 square inches 
as above computed, the area at A-A is suffident, as is also the width 
of the platCf which was assumed as 12 inches. 

One of the plates will be riveted directly to the member, and the 
other will be riveted to it as a pin-plate. The section back of the pin 
(26) must be equal to the net sectionio the body of the member. TTie 
net section is 4.54 square inches for one skle, and the total thickness 




Upper Chord and End-PriRt. 
of ihc i>in-]iliite.s is 1 .12") inches, making the distance from the end 
\ inches, and tlic distance to 



of the memtdT to fhe pin 
theivnter of the pin 4 J + 



4.54 
1.125 



= 7J inches. 



Tlie joint Ix'twwn the plutes and the tniiin member will be weak 
in shear, the invcts tending to shear off l>ctween the J-inch angles and 
the plate, and alsf> iR'twwn the two plates themselves. As each side 
takes one-half of the aljove stress, the numl>cr of rivets require<l to 
connect the plates to the niniii member will Ix-: 
141000-2 ,„ , 

and tlif iiiiiiilier of rivets n-quired to connect the iimer A-ineh plate 
to the outer one which is connected to the meinlM-r itself will be: 

141 600 -r 



7 220 



- = Sshop rivets. 
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The distance ffom the center of the pin to the top of the main 
part must be greater than one-half the diameter of the lai^est I-bar 
head — that is, 17^ -;- 2 = say, 9 inches. 

At the lower end, this member is connected to the bottom chord 
by means of a couple of clip angles and four or five rivets. Only 
sufficient rivets are required to prevent the sagging of the bottom 
chord, since the floor-beam is connected to the hip vertical above the 
lower chord, and hence no stress comes on the joint at the lower end 
(see Fig. 178). 

The width of the plate has been assumed as S inches. This 
width is liable to be changed after the design of the intermediate 




Fig. ITS. Conneollon of Hip Vcnlc^il to Lower Chord. 

posts has been made, since it will be economical to have all the inter- 
mediate floor-beams of the same length; and therefore the width of 
this plate will be change<l so as to make the width of the hip vertical 
the same as the width of the intermediate po.sts. 

85, The Intermediate Posls. The jxist l\L^ must l>e designed 
to stand a total stress of 10.3 (iOO pounds. Where possible, it is 
economical to make the intcnmiliate jwsts out of channels, as this 
saves a large amount of riveting. As seen by the stress sheet, the 
length of these posts is 30.1 feet center to center of end pins. It is 

usually re(|uire<l that mu-stnotV' moiv than 100, and this con- 
dition HMjuircs that the least radius of gyration cannot be less tlian 
30.1 X 12 _ , „, 
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angles to the diaphragm web are shop rivets, and (see design of floor- 

beam) must be- — ^r;;;^ = 9 in number. The rivets which connect 

2X7880 

the diaphragm angle with the outer channel of the post are also shop 

1 *^7 fiOft 

rivets, and are 7—' -zrw^z^' = 10 in number, 5 on each side. The 

2 X 7 220 

same rivets which connect the floor-beam to the post go through 
the diaphragm angle on that side of the diaphragm next to the cen- 
ter of the bridge, and must therefore be field rivets and take the 

137 600 
entire floor-beam reaction. These must be --- = 23 in number, 

12 on each side. The exact distance, back to back of the channels of 
the post, cannot We determined until after the top chord has been de- 
signed, since the post must slide up in the top chord and also leave 
room on each side for the diagonal members of the truss. The 
width is determined by the packing of the members at joint L, (see 
Fig. 174), and is found to be 9J inches. Since this is less than that 
required above, the post must be examined for bending about an axis 
parallel to the web of the channels. 

According to the methods of "Mechanics'* and "Strength of 
Materials," with the help of the Carnegie Handbook, p. 102, the 
moment of inertia al)out this axis is found to be 286.42, and the ra- 
dius of gyration 3 .06. The unit allowable compressive stress is then 
computed to be 9 580 pounds per square inch, and the required area 

— - - - = 17.10 square inches, which, being less than 17.64, shows 

the section to be safe. 

This member is connected to the top chord at its upper end by 
a 5-inch pin. The total stress is 163 600 pounds, and the total bear- 

ing area required is - ' = 6.8 scjuare inches, or 3.4 square inches 

for each side (19). The total thickness of the bearing area for each 

3.4 
side is -i- = 0.68 inch. The thickness of the web of a 12-inch 
5 

30-pound channel is 0.513 inch, which leaves 0.68 — 0.513 = 0. 167 

inch as the thickness of the pin-plate, but it must be made f inch 

acconling to the Specifications. Fig. 180 shows the arrangement of 

the plates and the rivets. 



85nr 



The sum tiiiai n! the pin-pliilcs nnd the channel web is 0.888 
inoh, ami therefore on one aide tlic stress transferred to the pin by 

meansof the pm-piate, which ts v.S75 inch, is — X ■ naio 

■>= 34 600 pounds. Iliis plate will tend to shear off tfie rivets between 

it and the channel web, and therefore YowT "■ ^ ^^P "^^a are 
lequired. 

Hie stress that ia shown on the stiess sheet is die stress in the 
post above the floor^)eam. The stress in that part below tbe floors 
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beam is equal to the vertical c-oraponent of the diagonal in the panel 
ahead of the post in question. In this case it is the vertical com- 
ponent of the stress in U,L^, and is equal to 242 000 pounds, and this 

242 000 
requires a total bearing area of - - ■- = 10.1 square inches, and 

10.1 
a total thickness of K~rr~r = 101 inches on each side, the i»n being 

5 inches in diameter. From this total thickness must be subtracted 
the thickness of the web of the channel, and this leaves 1.01 — 0.513 
= 0.497 inch as the total thickness of the pin-plates required. This 
shows that we must use one J-inch plate. The total thickness of the 
bearing area is now 0.513 + 0.50 = 1.013 inches. 

, 0.50 ,, 242 000 



Each plate takes a total stress of 



1.013 



-59 700 
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pounds; and the joint being weak in shear, the number of rivets 

59 700 
required will be — = 9 rivets in single shear. The detail will be 

similar to that in Fig. 180. 

The distance, back to back of the channels in this post, will 
probably not be greater than 12 inches, and this will make the dis- 
tance between rivet lines al)out 9 inches. According to (44), the end 
tie-plates must be at least 9 inches long and of course 12 inches wide. 

9 
The thickness cannot be less than — = 0.18 inch, but they will be 

ou 
made | inch (36). Between the tie-plates the channels will be con- 
nected by means of lattices. The Specifications (45) require that 

they should not be less than 2} inches in width and (1 .414 X 9) -— = 

40 

0.318 (say f ) inch in thickness. Table XXV gives the thickness of 

lacing bars for any distance between rivets. 

TABLE XXV 
Thickness of Lacing Bars 
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2 ft. OJ in. 


\ in. 




2 ft. 


1 in. 




;: in. 






3 ft. lAin. 



A width of 2\ inches is chosen alK)ve, since according to Caniegie 
Handl)Ook, p. 183, a J-inch rivet is the largest which can he u.sed in 
the channel flange. 

The }X)st f ^3X3 must Ix" designed for a total stress of 87 000 
pounds. It will be assumed that two 10-inch 20-pound cliannels 
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with a radius of g}Tation 3 .66 and an area of 5 .80 square inches each 
will be sufBci?nt. The length, as l)eforey is 30.1 feet, and the unit- 
stress is: 

30 1 X 12 



16 000 - 70 X 



3.66 



= 9 080 pounds. 



The required , area is =9.60 square inches. Since the 

total area of the two channels is 1 1 . 76 square inches, and the required 
area is 0.6 square inches, it is seen that they do not coincide very 
closely. These channels, however, will be used, since the thickness 
of the wel> is the thinnest allowed by the Specifications, and the 
width of the channels is the sniallest that can lie used and still give 
sufficient room to make the connections i^ith the end connection 
angles of the floor-l)eams. 

Tlie lower end of this post also has a diaphragm which must 
transfer half of the stress to the outer channel of the post. The sides 

of the diaphragm are the same 
as in the posts previously de- 
signed ; and the numl)er of rivets 
required is computed in a simi- 
lar manner and found to l)e as 
iiulicat(Hl in Fig. 181, which 
shows the cross-section of this 

|X)St. 

At the uppi^r end the Ix^ar- 
ing area RMjuired on one chan- 




FIk- 1J*1- (Yoss-Sivtlon «>f lnt<*riiu*»li:no 

IV.st. 



nel is 



IS 



S7 m) 

2 X 24 (M)0 
LSI 4 



1 .M4 s(|uan' inches, and the thickness requin^d 



;> 



= ().3()3 iiicli, a o-inrh pin heing used. As the web of the 



channel is 0.3S2 inch thick, it will give snlficient lx*aring an»a 

withont pin-phi tes. 

At the lower end, the vertical component of VX^ is 157 000 

pounds. The hearing area riMjuired on each side of the post is 

1 57 500 3 *>S 

o ;/o'. ruw."" -^-'"^ s(|uare inches, and tlie thickness is * ' -- = 0.66 
2 X 24 000 5 

inch. The thickness of the channel web U'ing . 382 inch leaves . 660 

— 0.382 = 0.278 inch as the required thickness of the pin-plate; 
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but I inch must be Qsnj. 



H K^ft] 



s?*f0.3Si- STS 



= 0.757 inch- The ph» »iH curr * '^"^ \ l'^* ''**'-;*» «» 

'^Hj 441 ft t 

pournls, and this npqiriiies ^^ - = t% ^x^ nv^ ts in sin^^ <hrtir. 
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an excessive section. In case of stress such 
as is demanded, the chords may consist of 
two channels and a cover-plate. In this 
case it is necessary to place small pieces 
called flats upon the lower flanges of the 
channel, in* order to lower the center of 
gravity of the section and to bring it near 
the center of the web. This section makes 
a very economical section in that it saves 
much riveting. On account of channels 
lx»ing made only up to 15 inches in depth, 
the use of this section is quite limited ov^ing 
to the fact that it is not deep enough to 
allow the I-bar heads sufficient clearance, 
for the I-bar heads in bridges of even ordi- 
nary span \\'ill exceed this amount. 

The most common section is that which 
consists of two side plates, four angles, and 
one cover-plate. Sometimes this section 
has flats placed upon the lower angle in 
order to lower the center of gravity, as ex- 
})lainecl al)oye. According to (33), the sec- 
tion should be as sjinmetrical as possible, 
and the center of gravity should lie as near 
the center of the web as is consistent with 
econoniv. 

In casi^ the stress is great enough to 
demand a heavier section than that above 
described, additional plates are added upon 
the sides of the original plates, and heavier 
and larger cover-plates and angles are used. 
Fig. 183 shows different types of chord sec- 
tions. 

Ir addition to the cover-plate being 
(lesi^ied to withstand the total stress, close 
attention must be paid to (42). This clause 
has been inserted on account of practical 
considerations, since it has l>een found out 
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that if plates are made much thinner than the proportions here 
required, they will crumple up and fail long before the allocable 
unit of stress as computed from the formula has been reached. In 
some cases — especially where the stress is light — the proportions laid 
down in (42) and (36) will govern the design of the section, instead of 
the required net area as determined by the formula for the allowable 
unit compressive stress. 

The design of the first section of the top chord will now be made. 
Here, as in the case of the first sections of the lower chord, the 
diameter of the head of the greatest I-bar determines the width of the 
plates in the section. The head of the 7-inch I-bar which constitutes 
the member U^L^ is 17J inches, and, allowing a clearance of ^ inch 
on either side of the head, the total depth inside the chord should be 
ISJ inches. As in the case of the lower chord, plates 18 inches wide 
may be used. 

The size of the angles to be chosen is a matter of judgment. 
Usually any size should be chosen at first, and the preliminary design 
will indicate at once what size should have been taken. For this case, 
3i by 3^ by f-inch will be assumed at first. 

For sections of this character, the radius of gyration is approxi- 
mately equal to OAh, in which h is the height, or rather the width, 
of the side plate. The approximate radius of gyration is r = 0.4 X 
18 = 7.2 inches, and the length is equal to one panel length, or 21 
feet. The allowable unit of stress (16) is: 

P = 16 000 - 70 X -^^^- = 13 550 pounds. 

449 500 
The required area is—r^ -v^ =33.2 square inches. The correct 

lo t)t)U 

proportion for sections of this character is that 0.4 of the total area 

should l^ taken up by the web. The area of the web would then be 

0.4 X 33.2 = 13.28 square inches, and the thickness would be 

13 28 
-— -- = 0.37 inch. According to this, a f-inch plate should be used, 

2X18 14 5 

but (42) requires that it shall be ^ = 0.483 mch or thicker. 

OKJ 

Therefore an 18 by i-inch plate must be used for the web. 

ITie correct proportion for sections of this character is that the 
width between plates should be about I the width of the side plates. 
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5 Will give Ihc rwniirtt! width Ix^twct^n plates e()iinl to i X IS = 

l.").7.5 inches. The cnver-plate (42) must not Ix' thinner than —- - 

lie distance between the connecting rivet lines. 'ITie rivet lines are, 

in this case, In.lri + 2X2= I!).7.'» inches apart, and therefore the 

10 75 
thiekncM of the c<iver-plate eanimt Ite less than ' '— =0.494 inch. 
' 40 

The eover-plate will then.'fiire Ik- taken a.s J inch thick. The wi<hh 
of the ctivei^plnte (see Fig. 1S4) 
Tiiii^t l>e alwiit 15.75 + 2 X iii 
+ ! " 2.'il iiiehes f say 2^1 inches). 
The eover-plftte will U- taken 2:1 
liv S-ineli'. 

'The center line <.f pins uili 
[-■liikeniit Ihecenlephne of the 
web. iiiLfl the center cif f;nivi(_v nf 
the .seclion will lie assuine<i as J 
inch alxive this, in nnier thiit 
the center of gravity may U* near 
that assumed, themomcnldf tin* 
eovcr-plute alwiit the a.ssiinieci 
center of f^vity axis .slioiikl lie 
secuim cK Ton rhoni atwHt e(]ual to the moment of the 

flats about the same axis. The 

moment of the ct)ver-plate alx>iit the assumed a.xis i.s: 

2;t X J i'J.O - 0..7 + 0,25 + 0.25) = — ^-^; 

and the moment of the flats alwnt the same axis is: 

A (0,0 + 0.5 + Q.-25 + O.r,) - 10.25^1, 
ill which .1 is the area in s<]iiare inches of Ixtth of the flats. Equating 
these two expressions, and .solving for -1, there results: 

/I = ., wTfi"^" 10.1 square inches. 

Assuming the flats to Ix^ 4 inches wide, the thickness on each side 
will be 1 .2,'» inclics. .^s this is too thick to jmneh, the flats on each 
side will l« composed of two 4 by ^-inch plates. 
The total area is: 
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One cover-plato - 2'.i x J — 11 5 sf|. in. 

Two web plates - 2 X IS X i - is () 
Two flats 4 X IV 10.0 



» • • < 



Total .SI*..') sq. ill. 

But the required area is 32.2 srpian* inclics, which i.s coiisidrrahly 
lesB than the area above given, and which dix^s not include tin* aiitr|cs 
and'beiioe we can use the smallest siz<' angles, which an* tho.se pre- 
^ioaij aaaumed. The area of each of the^se an(:I(\s is 2.4S .sfpian* 
indlBSy thus making the total area of the .section >Vi).o -\- 4 X 2.4s -^ 
49.42 square indies. This is eonsi<lend)ly in excess of the an>a as 
requited according to the formula for compression; hut it is tlu* least 
allowed by the Specifications. Note that this is the case when^ 
{42), instead of the formula for compn\s.sive stii'ss, is the rulinj^ factor 
in the deteimination of the sc*ction. 

TTie center of gravity of the approximate M'ctlon must now Ik* 
determined^ the moment of inertia and the radius of ^^yratitjii ahout 
tlie neutral axis must he amiputed, and the n'tjuin^l an^a nnist he 
determined by using this radius of gyration as computed. If the 
required area as determined with the a<'tual radius of <;yrati<»n is less 
than the appmximate area, then the thickness of th(> aii;:K\s or the 
plates must be inen^ased and the .s(>ction then <'xannned for its ratHus 
of gyration and rtHjuiri'd an^a. If the area is sufficient, the section 
is used; if not, another recomputation is in ordt r. 

In the determination of the center of <:r;i\ ity of ilie section, the 
moment b taken alH)ut tlie top of the cover-pin te. The numu ni- an- 
computed as follows: 

Cover-plate (23 X i) X } l' ss 

Webs 2 (18 X J) X (9 + =i.) 17.', oo 

Top angles 2 (2.4.S) x (1 .01 ^ ;. - 7 .Mi 

Lower angles 2 (2 . 4S) x iV * 1 ■ 1^ ■ 1 1 <'! ■■ M» ;;o 
Flats 2 (4 X 11) X lO: . l!Hi J.-, 

T'-Im! 171 ..-,:; 

The center of ffravitv is now found to l)e ' '* \) .v, 

^ ' :;•.'.:)() : I ./ IMS 

inches from the top of the cover-phite. The distaiM-e fr-oin the top of 
the cover-plate to the mi(hHe line of the wel> is *♦:[-: l \).7'} 
inches, and this leaves a distance of \).7'> ()..V) - ().;j \ur\i from 
♦he center line of the wx'h to the neutral axis. This distance is «'<n- 
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erally represented by the letter e, and it is known as the ecceniriciiy of 
the section. 

The moment of inertia about this axis must now be computed. 
The relation used is that the moment of inertia about any axis is 
equal to the moment of inertia about some other axis, plus the product 
of the square of the distance between the two axes by the area of the 
section whose moment of inertia is desired. The moments of inertia 
of the various parts of the section (see "Steel Construction," Part 
IV, pp. 292 and 293) are computed and are as follows: 

Cover-plates 955. 2G 

Webs 486.72 

Top angles 325. 74 

Lower angles 359 . 74 ~ 

Flats 1017.37 

Total 3 184.83 

The radius of gyration is equal to the square root of the quotient 
obtained by dividing the moment of inertia by the area. It is 

r = J^^i^ = 8.04. 
> 49.42 

Using this value of the radius of gyration in the formula for the com- 

prt\ssivc stress, there is obtained 13 800 pounds as the unit all<)wal)le 

449 500 
stn\ss ill compression, and this requires an art^a of ' = 32.5 

1 o oOO 

sfjuan* incli(\s. Since this is considerably less than the actual area of 
the section, the section will not l)e changed but will be taken as first 
assumed. 

In order that the section should be safe about both axes, the 
moment of inertia about the axis j)er|x»ndicular to the cover-plate 
should be ecjiial to or gn^ater than that as above computed. By com- 
puting the moment of inertia about the axis perpendicular to the 
cover-plate, it is found to be 3 250.3, which gives a radius of gAration 
of S . 1 1 ; and since both of these are greater than those first computed, 
it is seen that the section is safer about the axis jXTpendicular to the 
c«)vcr-phtte than it is al)out an axis pc^rpendicular to the web plates. 

Tlierc^ are small stresses in this member due to its own weight 
and to the fact that the pins are not placcnl directly upon the neutral 
a.xis (svr '\Strengtli of Materials," p. S2). 'I'hese stresses are si^ldom 
more than 1 0(K) pninds jx*r sfjuan* inch in the extreme fibrt*; and 
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since the section has such an excess of area, they will not l>e computed, 
as it is e\*iclent that there is sufficient strength in the member to with- 
stand them. 

ITie section just designed is that for the top chord having the 
greatest stress; aiui since this is the minimum section allowed by 
the S|)ecifications, it must Ik* uschI in all the sections of the top chord. 

The section as finally designed is: 

One cover plate, 23 by § inch; 
Two webs, 18 by J inch; 
Four angles, 3i by SV by |-inch 
Four flats, 4 by J-inch. 

A pin 0} inches in diameter will Ik used at the point V ^ The 
stri*ss in the ine!nl)er U ^^ ^^ ^^^ ^^ pounds, and the Ixjaring area 

378 200 
nM|uired is —;z,^^cp- = 15.75 sfjuare inches, or 7 . 875 for each side. 

7 875 
This makes a total required thickness of -_— - - = 1 . 205 inches for one 

6 . 2o 

side. Since the thickness of the w^eb plate is \ inch, it will Ik necessary 

to provide pin-plates whose total thickness must Ik 1 .265 — 0.5 = 

. 705 inch. Two jj-inch plates will give a thickness of . 75 inch ; and 

since this is less than the n»quired thickness by an amount not over 

2 J jKF cent, they may Ik used. The total thickness of the In^aring 

area is now 1.2G5 inches. The stress transfernnl to the two s-inch 

plates is: 

s = \^^- X 189 100 - 113 500 pounds. 
1 .Jo 



The rivets requirtHl to keep the outer plate from shearing off the 

Other an*^ ' ^. = 8 shop rivets, and tiie rivets reciuinMl to keep l)oth 
2 X 7 220 ^ * ^ 

of the 2-iiich plates from shearing off the w(»b of the chortl section are 
J ' -= IG shop rivets in single shear. The In^iring of a J-inch 

.shop rivet on a \-ineh phite is 10 5(K) jK>unds, and therefon* the num- 

U'r of rivets rtHjuirtnl to keep these pin-plates from tearing the rivets 

113 500 
out of the i-ineh web plates is — *— — =^11 shop rivets in bc^arinff. 

* 10 500 ' ^ 

Fig. 185 shows the detail of this end of the top ehonl section. The pin- 
plates should extend well back on the memlKr, and at least one pin- 
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plate should go over the angle, and enou^ rivets, as computed above, 
should go throu^ the angles and this pin-plate. Experiments on fuU- 
sized bridge members go to show that unless the pin-plates cover the 
angles and extend well down on the member, the member will fail 
before the unit-stress reaches that value computed by the formula 
for compression. 

Since the ends of the chord are milled at the splices, and therefore 
butt up against each other and allow the stress to be transmitted 








Pig. 185. Detail of Top Chord Section at Point T,. 

directly, only sufficient rivets need be placed in the splice to keep the 
top chord sections in line (55). 

At the point U^, it is not neci^ssary to put in a pin-plate to take 
the stn.\ss in the upper chonl; but it is only necessary to provide a 
pin-plate to take up the dift'en'nce in stress between the two chord 
sections. This diiFerence in stress is equal to the horizontal com- 
ponent of the maximum stress in the member U^L^. This is 110 000 
j)ounds, and the area nHjuired on each side forbearing is 2.3 squan* 
inches ; and as a 5-inch pin is used here, the thickness of the In^aring 

2.3 . ' . 

area is -^ =0.46 inch. As this thickness is less than the thick- 
f) 

ness of the web plate, no pin-plates will Ik» rt^quirt^d. 

At the point U^, a l)earing art a will be required to withstand the 

horizontal component of the niemlx»r UJj^^ This is 56 300, and the 
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bearing area required on each side is 



56 300 



24 000 X 2 



= 1 . 18 inches. The 



1.18 



required thickness of the bearing area is -^— = . 24 inch, as a 5- 

inch pin is used here also. As this thickness is less than the thickness 

of the web plate, no pin-plate will be required. 

The under parts of these members must be stiffened by tie or 

batten plates, and these plates (44) must be equal in length to the 

distance l)etween rivet lines. Tliis is 19A inches. They will be made 

20 inches long and 23 inches wide. The thickness of these plates (44) 

19 5 . 

must be — ^ = 0.39 inch (say ^\ inch). The size of the tie-plates 

will then be 20 in. by j\ in. by 1 ft. 1 1 in. 

Since the distance between the rivet lines is greater than 15 
inches, double latticing must be used (47); and according to Table 
XXV the lacing must he h inch 
thick; also, according to (45), it 
must be 2i inches wide, as the 
rivets used are | inch in diam- 
eter. The lattices will then be 
2i by i-in. 

87. The End-Post. Since the 
minimum section as chosen for 
the top chord is about 50 piT 
cent in excess of that required by 
the compression formula, it will 
be assumed to \ye sufficient for 
the section of the end-post, and 
it will now be investigated to see if it is safe. 

In addition to the stress due to direct compression, the end-post 
is stressed by its own weight, by eccentric loading due to the pin being 
in the center of the web instead of at the center of gravity of the 
section, and to a l)ending moment at the place w^here the portal brace 
joins it. This is due to the bending action of the wind on the top 
chord. These different stresses will now be computed; and since the 
post is in all cases stressed by a combination of l)ending and compres- 
sive stresses, this fact should be considered in the design. In deter- 
mining the stress in the endrpost due to its own weight, the entire 
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weight must not be used in computing tlic bending action, but only 
that component of it which is perpendicular to the end-post. The 
length of the end-post is readily computed, and is as ahowTi in Fig. 
1S6. Tiio ffeneral formida for accurately computing stresses due to 
bending when the member is also subjected to compression, is: 

lOE 
in which. 

S - Slrrwi III pimmis per sqiinre inch in the cxlremp nppir fibre ai thi" 

U ~ Exterior moment causing the stress, and is considered positive if it 
twuds the beam downward, and negative if it bends the beam up- 

y,— Distance from the neutral axis to the extreme upper fibre; 

/ — Moment of inertia of the section; 
P — Direct comprossive stress, in pounds; 

I — Tota] length, in inches; 

E - Modulus of elasticity of steel, which is usually Uken as 28 000 000 
pounds per square inch. 

In this case the force causing the bending is that component of 
the weight perpendicular to the end-post, lliis is Wl sin^, in which 
H'is the weight of the steel in the end-post ; and this is computed and 
is as follows: 

rovcr.plat* 1436 lbs. 

^^'(■b platoB 2 245 " 

Angles I 250" 

Flats 1245" 

C 175 lbs. 
Add 25 per cent for details 1 544 " 

Total. . .. 7 719 lbs. 

Substituting in the alwve formula the various values, there results: 

P _ 1 X 7 710 X 3fi.7 X 0.5 7 2 X 12 X 9.55 
410 500 X (36.7 X 12)' 
10 X 28 000 000 - 
= 800 pounds per square inch compression in the upper 
fibre due to bending. 

In the above equation, the stress in the member is 410 500 pounds; 
the distance i/, is the distance from the neutral axis to the top of the 
cover-plate, and the coefficient of elasticity of steel is taken as 
28000000. 
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In computing the stress due to the eccentric loading, the moment 
is equal to the product of the total stress in the member bv the dis- 
tance from the neutral axis to the center of gra\ity axis causing a 
negative moment. Substituting in the above formula for combined 
stresses, there results: 

- 410 500 X 2 X 9 55 



5 = - 



3 185 - 



410 500 X i36 7 X 12)» 



4 e70 



10 X 2S 000 000 
= 270 pounds per square inch tension in the upper fibre. 

In order to find the compression in the lower fibre, it is only necessary 
to notice that the stresses are proportional to the distances from the 
neutral axis. Accordingly (see Fig. 1S7), 
the stress in the lower fibre due to the 
weight is S95 pounds tension, and the 
stress in the lower fibre due to the eccen- 
tric loading is 302 pounds compression. 

Before computing the stress due to the 
bending moment caused by the wind on 
the upper chord, it is necessarj' to in- 
vestigate the post to see if it is fixed or 
hinged at its lower end. This is veiy 
important, since, if the post is found to 
be hingefl, the bending moment will be ^^ 6 95 
one-half of that which will occur when ^'*e- i"^^- ca'cuiaii.n or srn-vs 

in Ch'-ru. 

the post is not hingt»d. 

An end-post is consideri*d hingc^d when the pHxluct of one-half 
of the total stR»ss times the distance l)etween the web platrs is greater 

than the product of the wind load sicting at the hip, or joint l\, times 

J. 1 n •\f\r\ 
the length of the end-post. In this case the first value is — X 

15 = 3 07o000; and the pro<luct of the latter (sc^ Article 20j is 
12fi()0 X 36.7 X 12 = 5r>r)0 0(X). Since the latter ?s greater tlian 
the former, the p>st is hinged, and the l)ending moment at the foot 
of the portal stmt, which joins the end-jx^st 2S.2 feet fn>ni the end, is 
300 X 2S.2 X 12 = 2 130 000 pound-inches. The stress in the 
extreme fibre due to this bt»nding moment is: 

2 1.30 000 X 1 1 o 




S = - 



;{ 256.3 - 



410 5(X) X (.30 7 X 12)^ 
10 X 2S 000 000 
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— 8 250 pounda per square inch tension or compression. 

In computing this stress due to the wind moment^ care must be taken 

to take ^1 equal to one-half the width of the coveivplate, and to take 

the moment of inertia as that about the axis perpendicular to the 

covei^plate. 

In computing the total stress on the extreme fibre, it must be 

noted that the stresses due to weight and eccentric k»ding do not 

stress the same extreme fibres as the stress due to wind, the former 

stressing the extreme fibres on the top and bottom of the post, while 

the latter stresses those on the inner and outer sides. The total 

410 500 
direct unit^tress is -^j^^ = 8310 pounds per square inch; and 

this, added to the 8 250 pounds per square inch due to the wind, 
gives a total of 16 500 pounds per square inch on the extreme 
fibre only. 

The aUowable unit-stress is 16 000 - 70 X ^'^^/^ - 12 200 

pounds per square inch when wind is not taken into account, and 
(23) is H X 12 200 = 15 250 pounds per square inch when the wind 
is taken into account. The difference between this and the actual 

stress is 16 500 — 15 250 = 1 310 pounds per square inch, which 

shows that the section is not strong enough. The section can be in- 

en»ase(l by widening the cover-plate or by making the plates thicker; 

hut as this excess is chie to wind only, the section being amply suffi- 

ci(Mit under the other streSvS€\s, and is fixed to some extent by the 

fIoor-lH\am connection, no changt^ will be made. 

The pin at each end of the end-post will be the same — ^namely, 

0} inches in diameter — and therefore the pin-plates will be the same 

at each end. The total stress in the post is 410 500 pounds, which 

410 500 
makes a required Ix^aring area of -z-rr^?^ = 17.2 square inches for 

24 000 

lM)th sides, or 8.0 square inches for one side, and the total required 
thickness of -,^- =-- 1.375 square inches for one side. Since the 

thickness of the wel) plates is h inch, this leaves a remainder 
of 1.375 — 0.5 = 0.875 inch for the thickness of the pin-plates. 
One plate | inch thick and one plate I inch thick will be used. 

The proportion of the total stress which is taken by the |-inch 
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plate I 



0.375 ^ 410 500 



6 000 pounds; and that taken by the 



Hnch plate ia p^X 205 250 = 74 600 pounds. The number of 
rivets required to transfer the stress from the i-inch plate to the J-inch 
plate is -^-rtofT^ ^ ^**P rivets in single shear; and the number of 
rivets required to transfer the stress from both pin-plates to the web is 

56000 + 74 600 ,„ . • , ■ ■ , u a ■ .u . 
T^iSi ^ ^" ^''P "^c*s m smgle shear. As in the case of 

the top chord, one pin-plate should extend over the angle, and the 
number of rivets required in that pin-plate should go through the pin- 
plate and the angles (see Fig. 
1S8). The i-in. hinge plate is 
used for erection purposes, and is 
not considered as a pin-plate. It 
is omitted at L,. 

Since this section is the same 
as that of the top chord, the tie- 
plates and the lattice bars must 
be the same size. 

88. The Pins. The design of 
the pins requires a simple but 
quite lengthy computation. Sim- 
ple Pratt railroad trusses for 
single-track bridges usually have 
the same arrangement of tension 

and compression members; that is, the same tension memlicrs occupy 
relatively the same positions with respect to the compression mem- 
bers. Also.while theoretically a different sized pin will be required at 
every joint, it is not customary to make them so. In practice the 
pins at the joints U^ and L, are made of the same diameter, and 
those at the remainder of the joints are also made in diameter equal 
to each other but different from those at t/, and L„, the pins at U^ 
and L, usually being larger in diameter. On account of the above 
conditions and facts, it is unnecessary to design the pins in spans 
under 200 feet, since usually they are the same for any given span 
and loading. Table XXVI gives the diameters of pins for spans of 
lOO up to 200 feet for loading E 50. 
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TABLE XXVI 
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leading E 50 
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V, vd l.„ 


All ntben 


100 feet 


44 inches 




4 iochM 


125 ■■ 


5i •• 




5 


150 " 


6i " 




51 ■' 


175 " 


6i ■' 




5i " 


200 ■' 


7 




6 



For E 40 Inndinj;, decrease the alxive values by i inch; for E 30 loading, 
decrease them by j inch. The diameter of pins for sjians not g^ven in Ibe 
tabic can be interpolated from the given values. No pin should be lose than 
3J inches in diameter' 

The span of tliis bridge is 147 (say 150) feet, and the diuniclcr 
of the pins at U, and L,, is GJ — 1 = GJ inches; and the diameter 
of the pins at the other panel points is 5f — J = 5 inches, ll 
should be noted that no pin is required at point L,, as the two niem- 
rs wliich join here are built-up memlxrrs and are riveted togellier. 
The alxtve talile is for sin^le-tnick bridges only. Thp diameters 
of pins for double-track bridges are given in Table XXVII. Tliese 
values are for E 50 loading; and for E 40 and E 30 loading, deduc- 
tions must be made as required in the case of Table XXVI. 
TABLE XXVII 
Pins for Double^Track Bridges 
Loading E 50 
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Sfan 




DlAyETCR 


or Pij. 






u, 


and L, 


All Others 




100 feet 
125 '■ 


6 

8 


nchcs 


51 inchcH 
fli ■' 






l.'JO " 


9 




71 ■' 






175 " 


01 




SI " 






200 " 


01 


" 


Si " 





No pin in a double-lrack bridge should be less than 41 inches in diameter. 

Pins for highway bridges are usually much less in diameter than 
those for railway bridges, except in the case of first-class trusses for 
heavy intenirban traffic or for city bridges carrying paved streets, 
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"where they should be taken equal to those given for E 30 loading. 
Table XXMII gives the diameters of pins for different length spans 
of simple highway bridges designed for 16- ton roa<l-rollers or farm 
wagons and 100 |X)unds per square foot of roadway. 

TABLE XXVllI 
Pins for Country Highway Bridges 





Span 




DlAMETKR OF 

:Miord 1 


Pi: 


V 








U , and Lower < 




Uppc 

2 

21 
2J 
3 


p (^honi 






50 feet 

100 '' 
ITjO •' 

200 '' 


2§ inches 

3 

3} " 

4 


1 

1 
1 


inches 

1 1 





80. The Portal. In order to have a clearanee of 21 twt (2) 
above the top of mil, it is necessary that the ix)rtal l>e as shown in 
Fig. ISO. The strt»sses are found 
by methods of Article 54, Part I, 
the wind load l)eing c*omputed 
according to (K)). It must l)e 
rememlx»rcd that the column is 
hingeiJ. 

In case the members of the 
portal braces bend about one 
axis, their length will be equal 
to the distance from one end In 
the other. In casti thev bend 
al)Out the other axis as indicatiKl 
by the bn)ken line in Fig. ISO, 
their length will he. one-half of 
what it was in the first case. 

The portal struts or 
diagonals will Ixi designed first. 
Their length is 8.5 X 1.414- 
12 feet, or 144 inches. '^I'liis is 
the total length. Although 
the Specifications do not men- 
tion it, the ratio of the length to tlu* radius of g\Tation sliould 
not exceed 120. This means that the radius of gyration in this 
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case ahouli! li 

be composed of two anfjies plac«I back to liuck. 

Two angles 3} by 3 by Hnch, with an area of 4.6 square inches 
and r, equal to 1 . 7 2 -a ce Cam^ie Handbook, p. 146, and (72) — will 
be assumed to be sufficient to take the stress, and they must now be 
examined to see if the assimiption is correct. 

The allowable imit-stress (23) is 25 per cent peater than in the 
case of live or dead loads. Hiis makes the unit-«tiess as computed 
from the formula: 

P -^ Ae 000 ^ TO K ^^ 1} - 12 680 pounds per square inch. 

The required area b ^^^^ = 3.05 square inches; and since this ia 

less than the given area, the an^e wiU be am^Jy sufficient. The re- 
quited area is over one square inch less thu) the given area, but this 
angle must be used, since it is the smallest an^ allowed by the Specifi- 
cations. Note that unequal legged angles should be used, as this will 
make the radius of gyration about one axis laiger thui about the other; 
and this will prove economical, ance, when one axis b conadered, 
the length of the meml>er is greater than when the other is considered. 
The alxjve angle should also \>e examined for tension, it being 
considereil th«t one rivet-hole is taken out of the section of each angle. 
The net section of the two angles will now l)e 4.60 - 2 (§ + i) X 3 

= 3..sris(nmre inches; and the area reciulred for tension is — - 

' ' 16 (XWX 1.2.5 

= 1 .ill! scjuare inches, which shows that the angle is amply sufficient. 
It should l>e noted that these Specifications do not require that only 
one leg of the angle shall be efficient unless both legs are connected. In 
case this strut had lieen designed according to Cooper's Specifica- 
tions, two angles ;> by 3 by J-inch would have been required, and the 
5-inch leg would have l>een placed vertically and the angle connected 
by this leg alone. While it is not within the province of this work to 
discuss the ([uestioii of connecting angles by one or by both legs, yet 
■it might be said that tests made on angles connectetl with one leg 
only, seem to indicate that the ultimate stivngth in tension is about 
00 per cent of that obtained from the same angle when tested with 
both legs connected. 
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WTiile according to (20) the alternate strains in the wind bracing 
do not have to be considered, since they do not occur very closely 
together, yet in framing the connections it is required that the sum of 
lx>th positive and negative stresses shall be added. In this case the 
stress for which the connections must be designe<l is 2 X 38 50() 
= 77 000. It must be rememl)ered that in this case also, the 
unit-stresses are increased 25 per cent over those allowed for live and 
dead loads. 

Tlie number of rivets required in the end connections will be 
governed by l>earing in the connection plates, and these plates are 
usually made f-inch thick. The number of rivets required is 

77 000 g , . ^ 77 000 in f; u • . 

= 8 shop nvets, or ^rir^rA 7^ =10 held nvets. 



7880 X U r ' Q^QQ y^ ^ 

The portal bracing is riveted up in the shop and brought to the 
bridge site, where it is connected to the trusses by field-riveted con- 
nections at its end. Therefore the end of the portal struts which 
connect with the top piece will have 8 shop rivets, and the other end 
which connects with the end-post will have 10 field rivets. Since 
the angles are small, all the above rivets must go in one line, and this 
will cause the connection plate to be (juite large. It will pn)bably be 
better to connect both legs of the angle by means of clip angles and 
thus reduce the size of the connection plates. 

The top part of the portal bracing will consist of two angles. 

Two angles 3 J by 3 by f-inch will he assumed and examined to 

determine if the area is sufficient. The length of this strut is the 

distance center to center of truss(\s, and is e(|ual to 17 X 12 = 204 

204 
inches. The least radius of tn- ration is therefore , = 1.70. The 

^* 1 20 

radius of gyration of the two angles assumed is 1 . 72 when refernnl to 

an axis parallel to the shorter leg when the two ant^les are placed hack 

to back and one-half inch apart. The unit-stress is now computed: 

/ 204 \ 

P = no 000 - 70 X -^2/ ^* ^ *^^'''^ pouiuls per square inch. 

27 2(X) 
The rec|uired area is ^^^ — ;-— = 2. 825 scjuare inches. This is con- 

siderably less than the area given bv the two angles; hut as these are 
the minimum angles allowable, they must be used. Since the stress 
in this case is less than in the previous case, and since the angles 
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used are tlic same, it is evident that these angles are safe in tension. 
The numWr of rivets is determined by the bearin|^ in the ^-hich 
conneetion phites, mid is: 

2 X 27 200 



■ 6 shop rivetB, 
= 10 field rivet*. 







A-s in the etisi' of the lateral strut, this meml)er should lie coimeetiHl 
hy Iwth legs of tlie angle in order to rwhiw the size of the connvcliuii 
plates. Fig- liK) gives the 
details of the portal bra- 
cing and its method of 
connection to the end- 
(K>.st. The full circles 
represent shop rivets, and 
the blackened circles rep- 
resent field rivets. Some 
engineers connect tlie 
/ // /^ ~^ portal bracing to the top 

cover-plate of the end- 
jHist. This prodiiees an 
excessive cccTnlrieily in 
PIb- 1M- DBUlla ot Porlal Braclog and Connection the end-pOSt and is bad 
practice. 
Those members of the portal bracing which do not take any 
stress will be matle of single angles, and the size of these angles will be 
taken 3^ by 3 by ^-ineh. 

90, The Transierse Bracing. This bracing will be the same 
general style as the.portal braring, except that the top member will 
consist of two an^es placetl at a distance apart equal to the depth 
of the top chord, and these angles will be joined together by lacing. 
As in the case of portal bracing, those members which do not take 
stress will be made of one angle 34 by 3 by ^-inch. 

The geneni! outline is shown in Fig. 101, and the stresses are com- 
puted from (10) and by the methods of Article 54, Part I. In design- 
ing this top meml)er, the top angle only is supposed to take the stress. 
The length in tliis case is 204 inches. Two Z\ by 3 by J-inch angles 
will be assumed as sufficient and will be examined. These angles 
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I total area of 4.60 scjuare inches. In examining these it will 
ind that they are amply sufficient, in fact so much so that it will 
tter to see if one single angle at the top will not l)e Ixitter. 
tling to the length, the smallest radius of gj'ration which can Ih» 
s 1.7. In looking over the tables of angles, it is set»n that the 
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Fig. lUl. GcutTal OulUiu* of Transverse HraciiiL'. 



2100 




nglc to fulfil this condition is a hy 3j by ij-inch, and it has a 
of g}'ration of 1.U4. Tlu' allowable unit-stress is computed 
ows: 

• = (l6 OCX) - 70 X *" , )l 1 - 10 7S0 pounds por sijuart' inch; 

e reel uin»d area is ' -^ O.s') sciuarc inch. This is con- 

* 10 7S() * 
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tfilenhly vniUler tfaui the area of the onfde. wfaicfa is 3.07^ 
inchirs; but since this is Uw iimaUest posoibte oni^ wbied i 
thecnnlittnasof the Specificatians, acM) ^ce it is moch amKOFrn 
ritr two angles as Gist assumpil. it will be usnL Ft^. I9C?give»acnM»- 
wctian uf this memlter. 5tnc!p this nofsjr b 
joinnl to the cnver-platK by one Irg, tht- jiunb 
will be weak in single abrsr. aod tbir numlN^r uf 
rivets requiieti will be: 

Acconlins m f45). the width of ibe laliieing 
mti3i be 21 inches; and acvurding to TaNc XXV, 
the thickness must be ,*, inch, the disUnce c bt^- 
ing 1 foot 11 inches. 

The length of the knev^-brBdng fa 144 inches; 
bu* on account of the small stR-ss, ikk- aiu^ will 
be used. One 4 by 3 by J-iocfa an^le, «iib im 
area of 2. 48 w^uarc tncfaes and a ndim uf f^m- 
tion 1 2fi, will be assumefl as giifTiciiTit. Tht nu litis of jn.T,iii<iii 
is <:ri-attT thiiii tlif minimuni allowLible, which is 1.2. Tlic allowaNe 
unit-.trfs,s is: 

/' (" I'ilMHJ - 70 < T— ,;.) U = 10 000 pounds per square inch. 

The rtfjiiirnl iirta is ", „^, = l.-3sc[uare inches. The n-quired 

iiTi-A is niiK-h less than tht- jn^"*'n area; but thb angle must boused, 
Mucf it i.i ilif only orif allnwt-il on account of its radius of pTation. 
'Vwu of t!ic iiiiiiiiiiTim smtl anj-les miglit have been used; liut their 
total aP'ii. l.';(t si|ViaR' iiiclics, i.^ much in excess of that of the an^'le 

This ant;li' must 1h' cxamhinl for tension. The net aR-a is 2.4S 
'; i- 1) X i "" -1 sfjuare inches. The Te<]uire4l net area in 

ini^Liin is ~ " = U.(il5 siuiare inch, which shows this angle 

ir.lHH) X M 

to U- amply sulHcient. 
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The number of rivets required will be governed by the shear, 
since the angle is connected by one leg only ; and it is: 

2 X 12 300 



7 220 X li 
2 X 12 300 



= 3 shop rivets, and 



= 4 field rivets. 



'.-RT-^-ltJt^- 



6 013 X U 

91. The Lateral Systems, The stressc^s in these systems must 
l)e computed according to (10) and Article 54, Part I. They are given 
on the stress sheet, Plate III (p. 251). Since according to (68) these 
members must be constructed of rigid shapes, it is customary, in com- 
puting the stresses, to assume that one-half the shear is taken by each 
of the diagonals in any given panel; that is, one diagonal is in tension, 
and the other diagonal is in compression. The 
stresses given on the stress sheet are computed 
by making this assumption. Also, since lK)th 
diagonals in each panel are considere<l as acting 
at the same time, the stresses in all the verticals 
are zero. 

The section of the upper lateral memters will 
be made up of two angles placed apart a distance 
iH|ual to the depth of the top chord. Fig. 193 
shows the section. The radius of gyration about 
the axis parallel to the long leg will be consider- 
aljly larger than that about an axis parallel to the 
shorter leg. In fact, it is so much greater that the 
strut will not need to be examined with respect 
to this axis. The diagram of the first panel is 
given in Fig. 194. Tlie radius of gyration is to be taken a]x)ut 
the horizontal axis if the entire length is to be taken; and the radius 
of gjTation is to bt» taken about the vertical axis if one-half the 
length is taken, in w^hich case it will bend as shown by the broken 
line in Fig. 194. The memlx^rs are designed for the latter 
conditions only, since they are amply safe in regard to the first 
condition if they satisfy the latter. The length in this latter con- 
dition is 13.5 feet, which requirc^s a radius of gyration not less than 
13.5 X 12 




FiK- H»:^. Section of 

Up^HT Lateral 

Member. 



120 



= 1.35. 



Two angles 5 by 3 by f -inch, with a total area of 5.72 square 
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diagonals are connected to the stringers wherever they cross them, 
and also to each other where they cross in the center. This reduces 
the length which must be used in computing the cross-section of the 
member. In this case it is the distance C-.l, and is equal to 90 inches. 
Since the angle is free to move about either axis, angles with even 
legs should preferably be employed, since this will give greater 

economy. The radius of gyration must l)e greater than = 0.75. 

One angle 3i by 31 by J-inch, with an area of 2. 48 square inches 
and a radius of gyration of 1.07, will lx» assumed and investigated. 

QO 
The allowable unit-stress is P = 06 000 - 70 X ^^) IJ = 12650 

1.07 

30 500 
pounds per square inch, and the required area is ' ^-- = 2 . 38 square 

inches. This is nearly equal to the given art^a, and therefore the 

angle chosen will be taken for the section. 

This angle must now be investigated for tension, one rivet-hole 

being taken out of the section. The net aR»a is 2. 48 — (J + i) f = 

30 5(K) 
2.10 square inches. The required net area is- * ' . = 1.53 

^ ^ 16 (XX) X U 

square inches, which shows the angle to lx» sufficiently strong. 

Single shear determines the number of rivets to bet required. 

These are : 

2 X 30 500 y ^ , , . , 

6-oTir3oi = ^ ^''^'^ '''''"'- 

All rivets in the lower lateral system are field rivets, since this system 

also must be riveted up in the field after the tnissc»s are swung into 

place. 

The total stress in the second panel is 21 5(K) jH)unds, and a 

3 J by 3 by I -inch angle, with an an^a of 2.30 s(juare inches and a 

least radius of gyration of .90, will 1k» assumed and examined. The 

00 
allowable unit-stress in compression is 1} (10 (KK) — 70 X / ^) = 

21 500 
11 250 pounds per square inch, and the recjuired area is *" ' = 1 .91 

square inches. Since this is less than the given area, and since the 
size of the angle (72) is the smallest allowal)le, this angle must 
be used. 
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It is required that this member shall have a net area of 
= 1 .08 square inches in tensdon. The net area of the 



16 000 X U 

angle, one rivet-hole being taken out, is 1.92 square inches, whidi 

shows the angle to be safe in tension. 

The number of rivets required b determined by single shear, 





Fl|r. .IIKJ. Two Types of Bearings. 

since they tend to shear off Ix'tww^n the member itself and the con- 

2 X 21 500 
necting plates. The number recjuiRHl is ---^^^ — -£*= 6 field rivets. 

Since the above angle is tlie smallest that can he used, and since 
the remaining angles of the panel of the lateral bracing have smaller 
stresses than the one just designed, it is evident that this size angle 
must be used in all panels of the lower lateral system other than the 
first. 

92. The Shoes and Roller Nests. For bridges of short spans 
and for plate-ginlers whose spans rt»cjuin» rocker bearing^ to be pro- 
vided (80), several diiferent classes of Ix^arings are in use. Two such 
bearings are shown in Fig. 19G (a and b). The type illustrated by a 
is seldom used on any spans except plate-girders. That shown in b 
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may l)e iiscfl on either plate-girders or small tniss spans; it is the 
invention of Mr. F. E. Scliall, Bridge Engineer of the Lehigh Valley 
Ilailroad, who uses it on plate-girders. It has given very gn»at satis- 
faetion; and for simplicity of design and also for economy it is to Ixj 
rt^commended. Some railroads have used a bearing whicJi consisted 
of a lens-shaped disc of phosphor-ljronze, the faces of which fittwl 
into corresponding indentations in lK>th the masonry and the lK»aring 
plates. One advantage of this bearing is that it allows movements 
due to the deflection of the ginler, and also lateral deflection of the 
floor-lx»am. It is claimed to have given siitisfaction. 

A bearing which is used on lx>th short-span and long-span bridges 
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Flp. 197. Bearing Adapted to H ridges of IJoth Short and Long Span. 

is shown in Fig. 197. This class of bearing will l>e used. The end 

reaction of the bridge* projK'r is ecjual to the vertical component of the 

80 1 
stress in the end-post, and J"* -^,. - X 410 500 = 330 TKK) j>ounds, 

which rcHiuires a l)earing an^a (19) on the masonrv, of ^ — =561 

scjuare inches. Acronling to the ta])le on page 193, the* nnisonry 
plate will 1k» 2S inches long. 

The total l)earing an»a for one of the vertical plates is: 

2-X 24-000= ' square inches; 
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and the total required thickness is: 

1^-1.12 inches, 

a G^-inch pin being used at L^ Since the vertical plates will he made 
f inch thick, this leaves a remainder of | inch to be made up of pin- 
plates. 

He amount of stress which is carried by the f*inch pin-plate is 

-^-— X — ^ — = 56 100 pounds. These plates will tend to shear 

. 56100 

off the rivets at a plane between the plates, and therefore ^^ = 8 

shop rivets will be required to fasten them to the vertical plate. 

Since the length of the masonry pkite is 28 inches, and the total 

561 
area required is 561 square inches, the required width is -jr— = 20 

inches. The actual width will be greater than this, since.it must be 
sufficient to allow for the connecting angles and also for the bearings 
of the end floor-beam. The connecting angles should be f inch thick, 
and should not be less than 6 by 6 inches; and the plates to which they 
are connected should not be less than | inch in thickness, and likewise 
they should not Ik* greater, on account of the punching. The bottom 
plate should extend outward alniut 3 inches, in order to allow suf- 
ficient n)oni for the anchor lx)lts, which should l)e \ inch in diameter 
and should extend into the nmsonrv at least 8 inches. 

In addition to the Reaction of the bridge prt)pi*r, the masonry 
plate must Ix* of suffieient area to give l)earing for the end redaction of 
the end floor-beam. The niaxinuun end reaction (see Article 83, p. 
107) is 104 740 jKnnids. The bearing area requireil on the masonry 

104 740 
is — - - = 175sc[uart* inches; and assuming that the base of the 

bearing will l)e 12 inches long (see Fig. 197), the retjuired length will 
Ik? 14.() inches. Usually, however, the Ix^aring is extended the entire 
length of the masonry plate, which is 28 inches in this case. 

The distance from the center of the pin to the top of the masonry 
will b(» the same for lK)th i\\v fixtnl and the roller end. This distance 
should 1k» such that the angles of the sh(K» will clear the bottom chord 
memlKT and allow the floor-lx^am to rt\st upon the plate as shown. 
Since the first section of the lK)ttom chonJ is ISi inches deep, the top 
of the angles of the two must be at least 9 j inches from the center line 



SU&6 



BRIDGE ENGINEERING 



247 



of pins. This requires that the distance from the center line of the 
pin to the base of the angle shall be at least (9J + 6) = 15} inches, 
or more. 

'^The tops of all floor-beams are at the same height, and the 
lx>ttoms of the intermediate floor-beams must be on a level with the 
lx)ttom of the first section of the lower chord (see Fig. 174). This 
re<iuircs that the bottom of the intermediate floor-beams shall be 
9} inches below the center line of pins, and this brings the top of the 
floor-lx*anis (48} — 9}) = 39 inches above the center line of the pins. 
Since the end floor-beam is 52} inches deep, back to back of angles, the 
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PIr. 198. Tjixi of nearintir Construction where End Floor-Beam Does Not Rest Dir«HJtly on 
Bearing or Masonry Plate. Orllla^e of Iron Bars Used Instead of Cast-Steel Pedestal. 

lower flange will be (52} — 39) = 13} inches below the center line of 
pins. In case the end floor-l)eam does not rest directly upon the 
b(»aring plate or the masonry plate, the intervening space is filled out 
with a grillage of iron bars or a cast-steel pedestal, as shown in Figs. 
197 and 19S. 

The small plates upon the side of the shcJe, going entirely around 
the pin, are called the shoe himjc-platcs. These do not take any stress, 
and require only sufficient rivets to hold them in position. They are 
used during erection to kcn^p the end-post in line; and after erection 
their function is to ken^p the end-post on the shoe, and to prevent it 
from having any upward motion due to the vibration of the structure. 
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The rivets tluouj^ the vertical legs of the -shoe angles are in 
double bearing in the }-inch angles, in single bearing in the vertical 
plate, and in double shear. A rivet in double shear has a less value 
than in bearing in the plates. This value is 14 440 pounds, and 
therefore the number of shop rivets required through the vertical legs 
of thean^fesis: 

336 600 ,o • * 
2-xTr446 - *2 "^•^^ 

The rivets which go through the horizontal leg of the angle and 
through the cap plate and cap angles, do not take stress. The num- 
ber of rivets put in is that demanded by the detailing, the rivets in the 
horizontal legs of the angles usually staggering with those in the verti- 
cal legs. The cap plate tends to keep the vertical plates in line, and 
to keep out the dust and dirt and other deteriorating influences of 
the elements. 

Wherever the rivet-heads tend to interfere with other members 
or project beyond surfaces which are required to be flat — as, for 
example, the bottom of the masonry or bearing plates — they must be 
countersunk (see Carnegie Handbook, p. 191, and ''Steel Construc- 
tion," Part III, p. 192). 

The space for the anchor bolts, that for the connection angles, 
and that for the Iwaring of the end floor-beam, require that the total 
width of the masonn' plate for the fixed end shall be 2 X J + 14^ +2 
X 6 + J + 3 + 12 = 3 feet 7J inches. 

The (lesipn of the roller end requires that the length of the 
masonr}' bearing, the size of the vertical plates and angles, and also 
the numWr of rivets shall \ye the same as that for the fixed end. The 
width of the masonry plate is determined by the length of the rollers 
and their connections at the end. 

The rollers (GO) are required to be 6 inches in diameter, and the 
unit-stress (19) per linear inch is 6 X 600 = 3 600 pounds, which 
requires : 

' .i>7i/»- = 93 . 5 linear inches. 

This is for the reaction of tlie bridge alone; and in addition to this, 
there are required for the floor-beam reaction : 

" 6 ci^~ = 29 . linear inches. 

o OUU 
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The total number of linear inches is 93.5 + 29.0= I22.5;andif5 

rollers are used, they must beat least — ^= 24.5 incheslong. The 

masonry plate is only 28 inches long, and therefore cylindrical rollers 
cannot be used, since they would occupy a space 30 inches or over. 
Segmental rollers (see Fig. 199) 
must be used. 

The determination of the 
sizes of the angles which go at the 
end of the rollers, and also of the 
guide-plates, is a matter of judg- 
ment and experience. Those 
sizes indicated m Fig. 198, repre- 
sent good engineering practice, 
and will be used. 

The distance from the center 
line of pins to the top of the ma- 
sonry can now be determined, 
and is 161 + 3 + 6 + J = 23^ 
inches. 




sufficient conncclions and angles 
as shown in Fig. 198, the masonry plate must be considerably wider 
than that theoretically determined. According to Fig. 198, the total 
width must be as folliiws, and the width should be computed in two 
parts, as the plate is not symmetrical about the center line of the truss: 
From cenler line to outer edge: 

lli4 



i+i ' 



- (3 - i-2J) + (3i-i-3l) + 3 

- I ft. lliin., (B»y, Ift. nil 



From center line to inner edge: 
1^ + i + 6 + 1 + 12 + i + 25 + 3i + 3 - 3 ft. 01 in., say, 3 ft, in. 
Total width 4 ft. 11 in. 
Allowing guidr-platcs and guide-bars of dimensions as shown in 
Fig. 19X, and assuming J inch as clearance at the ends, the total length 
of the pollers is: 

<4ft. II in. ) - 2(3 + 3i + i + t + )> = 44. 5 inches. 
This shows them to be amply long enough, as only 22 inches is 
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and #, computed from the above fonaula, ia 9^ 30'. Substituting in 
the equation giving the value for y, there is obtained IJSZ inches (saj 
1} indws) for the dbtance betwem rolleia. Rollers must not be less 
in thickness than the total erpanson allowed for tempenture. 

Since there aie 5 rollers, there are 4 spaces between them. Abo, 
since the rollers must joccupr a space of 28 inches, the length of the 
amaaaij [date, each roller must be: 
28 - 4 X U 



4.6inche* (say 4( inchw) wids. 
The width of the guide-bais must be such asto allow faeedom 




Tie. 30^ Dotalls <it End Flonr-II«ttm O 

width allowable is given by 



of motion for tho rollers. The 
the formula ?* 



in which -J and D arc indicated above. This requires the bar to lie, 

IT - ^- X 9S3 = 2 90 (say 2i) inches wide, 

<13. The Stress Sheet. Plate III shows the stress sheet of the 
bridge which has been desiftncn! in the preceding articles. This 
sheet represents the best current practice among the larger bridge 
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corporations. It will 
be noted that very 
few detaib are pven 
upon the sheet; also 
that few rivets are 
noted, and that 
sketches showing the 
manner in which the 
parts go together are 
entirely wanting. The 
shears and moments 
for the stringers and 
floor-beams, as well as 
the reactions and the 
number of rollers re- 
quire<l,aregiven. This 
is to save the drafts- 
man the trouble of 
recomputing values 
which have necessarily 
been determined by 
the designer, 

Thedetailsof the 
various members, and 
also the manner in 
which the different 
members are con- 
nected, are left to the 
draftsman, who is un- 
der the direct super- 
vision of the engineer 
in charge of the draft- 
ing room, upon whom 
rests the responsibility 
for good detaib. The 
figures given in the 
text indicate the best 
current practice. Figs. 




.miit-nr 



V"-- 



- -T- -* 



.ff 



-L li- 



- i,-n 



'f»j» 






v »^ 



H ': rat 'St^jr' un 



.re«i X* 'fcrrx'fj 
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COUNTRY ROADS. 

GENERAL CON5IDERATION5. 

Object of Roads. Tlie cpltjen ••? a iMa i !» : ■ :=" - .r ,. — i- 

for tlie transportation of j»er?/»n> arj'i irf»f»«i- fr ::, -r.-T ; ^ > : ..: .:: f- 
with the least e.\j>en«liture «.»f p^iwer aL J e\]»er.^. T:.r :.-•!.!:; 
which this traffic or tran.sjK^natioij iiiiiv "tie «• -tj i -'^:r : 
road dejiemLs upon the resistanft* offere«i i > ir.f- ::■••■>:: 
This resistance is «»mp<i>eil of: ] T:.<- r'-i-Tar-^ r->-; • . ::.t- 
roadwav. which consists of a "frifti'ii* ♦»-:t»»-. •^• - .r.a > "f 
the roa*l ami the wheel tire-: h rt-i-urj-*- • r.r-r*^: v :•. • r ...:.^ ■■: 
the wheels, ticcasionesl l.»v the wain oi i:r^:f.:r:.!v !:. :. r r .. . > ::\: r. 
or lack of strenjnh !•• re-i<t tiie j»enHriiT]:.j *r r* : . : ;•-: -■ ...-.-. 
thus requiring the l.»atl t:« lie liftel "v#-r ]ir ■■•-:!:..• :».':■'..:.! / : 
hollows anil nits, tliereijv «!iniini-]iirjj tI^ ^"•- v- - ! . ■ .t ]. r-r 
mav draw to such a- ii run lift. T!ii> r»-:-'.-,.. » :- ■ . :•-!-:..:. »• 
to rolling" or '*j»erieTnni««n:*' rt"«i-T ;•.:.■»• ! • * .•■..!' ....»■: 

"grade resistance:" 2 'i'lic r«-i»!a:/r- •.:>:..: ■ . .*-. -.::.»-: 
"axle friction;" 3' KesiMancc '»f t;j*- nir. 

The roarl which offer- the lea-t re'!'';i::rf i.. t.::'.' -:. : •-.•::.- 
bine a surface on which tlie fric-tii«:] >■! *:.•• Ai.t-t-S j- >■! ;'fi : ■ :':.r 
least possible amount, wliile r»tTeriiu' ;'. J ■••: f"<'tiM»l'i :• r :..rM'-. in 
enable them to exert their utmoM Tni^T:..- iM.v.rr. ;!!..■ -1. .•!:;.• l.r >n 
located as to give the nio>t rlirert r'*^\w -a::':, v.w Um-t ^Taiiier.i-. 

Friction. The resistance «if frini-'i: uri-e-- tV. ni t!u- nilihin:: of 
the wheel tires against the snrfufv .if the t**iu\. 'I'iii^ iv.-i-ujini' !•• 
traction is varial»le, ancl eaii l-e •ii'ierniineii unlv hv exprriiiionl. 

« ■ I 

From many experiments the fullipwin:: «U*Mii<iinii> are th-awn: 

CI) The resistance tn trartiim i> ihrectly j>n>p*»rtional to tlie 
pressure 
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(2) On aolid^ unyielding surfaces it is independent of the width 
of the tire, but on compressible surfaces the resistance decreases as 
the width of the tire increases (but there is no material advantage 
gained in making a tire more than 4 inches wide). 

(3) It is independent of the speed. 

(4) On rough, irr^ular surfaces, which ^ve rise to constant 
concussion, it increases with the speed. 

Hie following table shows the relative resistance to traction of 
various surfaces: 

TABLE 1. 
Resistance to Traction on Different Road Surfaces. 



Earth road— ordinary condition 

Gravel 

Sand 

Macadam 

Plank Road 

Steel Wheelway 



Trmetlon BedsUiioe. 



Pounds per ton. 



50 to 200 
50 to 100 
100 to 200 
30 to 100 
SOto 50 
15 to 40 



In terms of load. 



A toA 
A to?, 

A to A 
yhtoVs 



- '1^1 



These coefficients refer to the power required to keep the load 
in motion. It re(|uires fn>m two to six or eight times as much force 
to start a load as it does to keep it in motion, at two or three miles 
per hour. The extra force recjuired to start a load is due in part 
to the fact that during the stop the wheel may settle into the road 
surface, in part to the fact that the axle friction at starting is greater 
than after motion has begun, and further in part to the fact that 
energy is consumed in accelerating the load. 

Resistance to Rolling. This resistance is caused (1) by the 
wheel penetrating or sinking below the surface of the road, leaving 
a track or rut behind it. It is equal to the product of the load mul- 
tiplied by one-third of the semi-chonl of the submerged arc of the 
wheel; and (2) by the wheel striking or colliding with loose or pro- 
jecting stones, which give a sudden che<*k to the horses, depending 
upon the height of the obstacle, the momentum destroyed being 
oftentimes considerable. 

The rolling resistance varies inversely as some function of the 
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diameter of the wheel, as the larger the wheel the less force required 
to lift it over the obstruction or to roll it up the inclination due to the 
indentation of the surface. 

The power requireil to draw a wheel over a stone or any ob- 
stacle, such as S in Fig. 1, may be thus calculated. Let P represent 
the power sought, or that which would just balance the weight on 

the point of the stone, and the 
slightest increase of which 
would draw it over. This 
power acts in the direction 
C P with the leverage of B C 
or D E. Gravity, represented 
by W, resists in the direction 
C B ^\^th the leverage B 1). 
The ecjuation of equilibrium 
^•ill be P X C B = W X B 1). whence 




CB CD-AD 

Let the radius of the wheel = C D = 2G inches, and the height 
of the obstacle = A B = 4 inches. Let the weight W = 5(K) pounds, 
of which 200 pounds may be the weight of the wheel and 300 pounds 
the load on the axle. The formula then l>ecomes 



^ 1 076 - 484 ^^ 13.85 .,, , ^ 

P = oOO ..-. - V =500 _ = 314.7 pounds. 



20- 4 



99 



'^The pressure at the point D is conipouniled of the weight and 
the power, and equals 

W^-w = 500 X 2^^ = 591 pounds, 

and therefore acts with this great effect to destroy the road in its 
collision with the stone, in addition there is to he considered the 
effect of the blow given by the wheel in deseeniling from it. For 
minute accuracy the non-horizontal direction of the draught and 
the thickness of the axle should be taken into account. Tlie power 
required is lessened by proper springs to vehicles, by enlarged wheels, 
and by making the line of draught ascending. 
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The ruechaoical advantage of tlie wheel in surmounting an 
obstiii'le may l>e computed from the principle of the Ie\er. 

Let the wheel, Fig. 2, touch the horizontal line of traction in 
the point A and meet a protuberance H I). Stipixjse tlie line of 
draught C P to be parallel to A B. Join C D and draw tlie peqieii- 
diculars D E and I> F. We 
may suppose the power to be 
applied at E and the weight at 
F, and the attion is then the 
same as the bent lever E !) F 
turning round the fulcrum at 
D. HeneePiW::FD:DE. 
ButFD:DE::tanFCD:l, 
and tan FCD-tan2 
(DAB); therefore P = W 
' tan 2 ^ A B). Now h is obvious diat the angle DAB increaaea 
as the radius of the circle dimini^es; and tb^efore, the weight W 
being constant, tbe power required to overcome an obstacle of given 
hdght is diminished vrhea tbe diameter is incr^oed. Large wheds 
are therefore the best adapted for surtnounting inequalities of the 
road. 

There are, however, circumstances which provide limits to the 
height of the wheels of vehicles. If the radius A C exceetls the 
height of that part of the horse to which the traces are attached, 
the line of traction C P will be inclined to the horse, and part of the 
power will be exerted in pressing the wheel against the ground. The 
best average size of wheels is considered to be about 6 feet in diameter. 
Wheels of large diameter do less damage to a road than small 
ones, and cause less draught for the horses. 

With the same load, a two-wheeled cart does far more damage 
than one with four wheels, and this because of their sudden and 
irregular twisting motion in the trackway. 

Grade Resistance is due to the action of gravity, and is the 
same on good and bad roads. On level roads its effert is immaterial, 
a,s it acts in a direction perpendicular to the plane of the horizon, and 
neither accelerates nor retards motion. On inclined roads it offers " 
considerable resistance, proportional to the steepness of the incline. ' 
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The resistance due to gravity on any incline in pounds per ton 

2000 

IS equal to - — ^ 7— 

' rate of grade 

The following table shows the resistance due to gravity on dif- 
ferent grades. 

TABLE 2. 
Resistance Due to Gravity on Different Inclinations. 

Grade 1 in 20 30 40 50 60 70 80 90 100 200 300 400 

Rise in feet per mile . . .264 176 132 105 88 75 66 58 52 26 17 13 
Resistance in lb. per ton . 1 12 741 56 45 38 32 28 25 22 1 1 } 7h 5i 
The additional resistance caused by inclines may be investigated 
in the following manner: Suppose the whole weight to be borne on 
one pair of wheels, and that the tractive force is applied in a direction 
parallel to the surface of the road. 

Let A B in Fig. 3 represent a portion of tlie inclineil road, C 
being a vehicle just sustained in its position by a force acting in the 
direction C D. It is evident that the vehicle is kept in its jx)sition 
by three forces; namely, by its own weight W acting in the vertical 
direction C F, by the force F applied in the direction C 1) parallel 
to the surface of the road, and by the pressure P which the vehicle 
exerts against the surface of the road acting in the direc^tion C E 

perpendicular to same. To 
determine the relative magni- 
tude of these three forces, 
draw a horizontal line A G 
and the vertical one B G; 
then, since the two lines C F 
and B G are parallel and 
are both cut by the line A B, 
they must make the two 
angles C F E and A B G 
ec|ual; also the two angles C E F and A G B are eijual; therefore, the 
remaining angles F C E and BAG are ecjual, and the two triangles 
C F E and A B G are similar. And as the three sides of the former 
are proportional to the three forces by which the vehicle is sustained, 
so also are the three sides of the latter; namely, A B or the length 
of the road is proportional to W, or the weight of the vehicle; B G, 
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tent be vagtie, owing to ibe different strengths and speeds of 
f the same kind, as w^ as to the extent oi tfanr tniaiag to may 
ticular kind of work, 

^e drauj;ht or pull Kiiich a good average bone, wealing 1 .300 
inds, can exert on a le\~d, SDiooth road at a ^peed of 2i miWs per 
; 100 pounds, equix-alent lo 22/100 fuM-pounds per mintile. 
3.200,000 foot-pounds per daj of 10 hours. 
The tractive power diminishes as the speed increases and. per^ 
, within rertain limits, saj from i to 4 miles per hour, nearir 
in inverse projxirtion to it. Thus the ^rerage trartire force of a 
horse, on a level, and actually pulling for 10 hours, mar be assumed 
approximately as follows: 



Miles per hour 



125 



The work done by a horse Is greatest when the velocity with 
which he moves is J of the greatest velocity with which he can move 
when unloaded; and the force thus exerted is 0.45 of the utmost 
force that he can exert at a dead pull. 

The traction power of a horse may be increase<i in about the 
same proportion as the time is diminished, so that when working 
from o to 10 hours, on a level, it will be ai)out as shown in the following 
table: 

TABLE 4. 
Hours per day Traction (pounds) Hours per day Tractici 



in 




100 

iiij 



r> 



n (pounds) 
140? 

200 



The tractive power of teams is hIkjuI as follows 

1 horse =1 

I hones 0.95 X 2 = 1 .90 

0.85 X 3 = 2,65 

4 ■■ 0.80 X 4 = 3.20 



Loss at Tnwitive Power on Inclines. In ascending in* 
cfinei ■ horse's puwer iliminishes rapidly; a lar^ portion uf tus 
stienglfc U expended in overcoming the resistance of gmnlv iUu: lo 
Us uwn wei^it ami that of the load. Table 5 shows thai as the 
ateepness of the gnule increases the efficiency of both the hone aivi 
the mad suitnm dtmini^es; liiat the more of tlie horde's etierg^ L^ 
I ovrrcDming gravity the less remains to overcoiur ifai 
reasuuice. 

TABLE 5. 
RfffCtf •! Qradas Upon the LdmI a Horse can Draw on I 



^^ 


»»». 


Broken Stone. 


Stooa Blacks. 


AW*"".^ 




1.00 


1.00 


1.00 


I.OD 






.66 




,41 


3:100 


.M 


.50 


.5.1 


:a 


S:10D 


.SB • 


10 


.44 


.18 


* IflO 


n 


.33 


.36 




B: IW 


.41 


.20 


.30 


.10 


M: Vm 


.» 


.16 


.U 


M 


IS: ino 




.OS 




... 


ID 1 too 


.(U 




.03 





TUile 6 shows the gross load which an avera^ horse, weif^ 

l.i'i>» [v,::i.N. i;in .Intw on .litTfrent kinds of nmd .snrfjiccs, un a 

ioM'l ,m.! .'!! cnidos ri-iiii: tivf and ten feet [ler imt' Inindrol feel. 

TABLE 6. 



Tlic d*vmi<(' ill t 
< not di"- iiloiiv to ^ 



I wlii<']i a iior-i<> can draw upon ;in incline 
; it varies with the ainctuni of foothold 
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afforded by the road surface. The tangent of the angle of inclination 
should not be greater than the coefficient of tractional resistance; 
therefore it is evident that the smoother the road surface, the easier 
should be the grade. The smoother the surface the less the foothold, 
and consequently tlie load. 

The loss of tractive power on inclines is greater than any inves- 
tigation will show; for, besides the increase of draught caused by 
gra\'ity, the power of the horse is much diminished by fatigue upon 
a long ascent, and even in greater ratio than man, owing to its anatom- 
ical formation and great weight. Though a horse on a level is as 
strong as five men, on a grade of 15 per cent, it is less strong than 
three; for three men carrjing each 100 pounds will ascend such a 
grade faster and with less fatigue than a horse with 300 pounds. 

A horse can exert for a short time twice the average tractive 
pull which he can exert continuously throughout the day's work; 
hence, so long as the resistance on the incline is not more than double 
the resistance on tlie level, the horse will be able to take up the full 
load which he is capable of drawing. 

Steep grades are thus seen to be objectionable, and particularly 
so when a single one occurs on an otherwise comparatively level road, 
in which case the load carried over the less inclined portions must 
be reduced to what can be hauled up the steeper portion. 

The bad effects of steep grades are especially felt in winter, 
when ice clovers the roads, for the slippery condition of the surface 
causes danger in descending, as well as increase:! labor in ascending; 
the water of rains also runs down the road and gulleys it out, destroy- 
ing its surface, thus causing a constant expense for repairs. The 
inclined portions are subject to greater wear from horses ascending, 
thus recjuiring thicker covering than the more level portions, and 
hence increasing the cost of construction. 

It will rarely be possible, except in a flat or comparatively level 
country, to combine easy grades with the best and most direct route. 
These two refjuirements will often conflict. In such a case, increase 
the length. The proportion of this increase will depend upon the 
friction of the covering adopted. But no general rule can be given 
to meet all cases as respects the length which may thus l)e added, 
for the comparative time occupied in making the journey forms an 
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ttnpoctanl element in am- case which arises for settlement. Disre- 
j^anling tiiiie. the horizontul length of a road may be increased to 
ayaid a 5 per ceiu prade, seventy times the height. 

Tiible 7 shows, for iHOst praclical purposes, the force required 
to draw loaded vehicles over inclined roa<ls. The first column cx- 
pressv^t ihe ntv of inclination; the second, the pressure cjn the plane 
in poiUKis per ton; the third, the tendency down tlie plane (or force 
ttquiivd to ov«n»me the elfect of gravity) in pounds per tun; the 
fourth, the force reqiiiretl to haul one ton up the incline; the fiftli, the 
length »r Urvrl mad whi<4i would I>e ctpiivalent to a mile in length of 
the ineiineil road — that is. the length which woulil require the same 
motive power t" he exjiemlwl in drawing the load over it, as would 
be nrTV.-.-^.ry i-> ,lr:i« over a i.iile ..f ih.- in<-lin.'<l nmii; tiu- sixlh. the 
nuiTimiiiTi io«d ndiidi an avoage horse weighing 1,200 pounds can 
draw over sudi indines, the frictioo ei die surfiwse being taken at 
^ ttf the load drawn. 

TABLE 7. 



W^^ 


S-pSfS? 


pUoatnlb. 


Powar In lb. 
raqnlTcd to 
huloMtoD 


'StlSS 


WhlohklUKM 





2240 


.00 


45.00 


1.000 


6270 




22J0 


5.60 


50, GO 


1.121 


5376 


o^.w 


2240 


11.20 


56.20 


1.242 


4973 


0.75 


2240 


10.80 


61.80 


1.373 


4490 


I. 


2240 


22.40 


67.40 


l.SOO 


4145 


1,2.^ 


♦■22-I0 


28,00 


73.00 


1.022 


3830 


1..=><> 


■_>240 


33.50 


7S.60 


1.746 


3584 


1.7.^ 


2240 


39.20 


S-t-20 


1.871 


3290 




2240 


45.00 


iKl.OO 


2.000 


3114 


■i.2.i 


2240 


50.40 


95.40 


2.120 


2935 


■.»..w 


2240 


56,00 


101. 00 


2.244 


2725 


-».7S 


2240 


01.33 


lOfi.33 


2.363 


2620 


3 


2239 


Ii7.20 


112.20 


2.484 


2486 




223S 


Sil,20 


134.20 


2,982 


2083 




2237 


112,00 


l,'i7.00 


3,444 


1800 


fi 


2233 


134.40 


179.40 


3.986 


1568 


7 


2232 


15R,R0 


201.80 


4.844 


1367 




2232 


179,20 


224.20 


4.982 


1235 




2231 


201 .00 


246.00 


5.840 


1125 


ii) 


22-«) 


224.00 


260.00 


.-5.977 


1030 



Axle Friction. Tlie resistance of the hub to turning on the 
axle is the same as that of a journal revolving in its bearing, and has 
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nothing to do with the condition of the road surface. The coefficient 
of journal friction varies with the material of the journal and its 
bearing, and with the lubricant. It is neariy independent of the 
velocity, and seems to vary about inversely as the square root of the- 
pressure. For light carriages when loaded, the coefficient of friction 
is about 0.02() of the weight on the axle; for the ordinary thimble- 
skein wagon when loaded, it is about 0.012. These coefficients are 
for good lubrication; if the lubrication is deficient, the axle friction 
is two to six times as much as above. 

The traction power required to overcome the above axle friction 
for carriages of the usual proportions is about 3 to 31 lb. per ton of 
the weight on the axle; and for truck wagons, which have medium 
sized wheels and axles, is about 3\ to 4.V lb. {)er ton. 

Resistance of the Air. The resistiince arising fn)m the 
force of the wind will varv with the velocitv of the wind, with the 
velocity of the vehicle, with the area of the surface acted upon, and 
also with die angle of incidence of direction of the wind with the 
plane of the surface. 

The following table gives the force per s(juare foot for various 

velocities: 

TABLE 8. 



VelCH-ity of wind iu mllrs Komunlbs. p.-r sq. ft. • IH'>orlptl..n. 

p«*r lioiir. * ' ' 



ir. 1 .107 IM(n>:int iWrv/.r 

Hri^k (laic 



20 l.y().S) 

2.') .'5.075 J 



30 I. 12S ) ,,. , ,v- 1 

.35 0.027 1 llll,'h^^m.l 

45 9.903 N \cTy llml. Wind 

50 12.300 >tnnn 



Effect of Springs on Vehicles. Kxpcriincnts have shown 
that vehicles mounted on springs materially (le(roa.s<' the resistance to 
traction, and diminish the wear of the road, especially at speeds 
beyond a walking pace. Going at a trot, they were found not to 
cause more wear than vehicles without springs at a walk, all other 
conditions being similar. Vehicles with springs improperly fixe<l 

cause considerable concussion, which in turn destrovs the road 

« 

covering. 
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The oonsiderations giiveruing the location of country roads are 
dependent upon the commercial condition of the coiinlrj' to be 
trawrsed. In old and long-in habite»i sections the controlling ele- 
ments will be the character of tlie traffic to he acconuuothileil. In 
such a section, the mute is generally preileteruiined. and therefore 
there is leas lil>erty of a choice and selection than in a new and sparsely 
settled district, where the object is to establish the easiest, shortest, 
ttnd most economical line of intercommunication according to the 
pi^y^c,,] ch.,n.,.|rrnf Ihcyro".,,!. 

Whidiever of these two cases may have to be'dealt with, the sanae 
prindple governs the engineer, namely, to so lay out the road as to 
effect the conveyance of the traffic with the least expenditure of 
motive power con^stent with economy of construction and main- 
tenance. 

Economy of motive power is promoted by easy grades, by the 
avoidance of all unnecessary asceits and descents, and by a dired 
line; but directness must be sacrificed to secure easy grades tind to 
avoid expensive construction. 

Reconnoissance. The selection of the best route demands 
much care and consideration on the part of the engineer. To obtain 
the requisite data upon which to form his judgment, he must make 
a persor.al reconnoissance of the district. This requires that the 
proposed route be either ridden or walked over and a careful examina- 
tion made of the principal physical contours and natural features of 
the district. The amount of care demanded and the difficulties 
attending the o|>erations will altogether depend upon the character 
of the country. 

The inimeiliate object of the reconnoissance is to select one or 
more trial lines, from which the final route may be ultimately deter- 
mined. 

^^^len there are no maps of the section traversed, or when those 
which can be priKuretl are indefinite or inaccurate, the work of 
reconnoitering will be much increased. 

In making a reconnoissance there are several points which, if 
carefully attended to, will very considerably lessen the labor and 
time otherwise required. Lines which would run along the imme- 
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diate bank of a large stream must of necessity intersect all the tribu- 
taries confluent on that bank, thereby demanding a corresponding 
number of bridges. Those, again, which are situated along the 
slopes of hills are more liable in rainy weather to sufl^er from washing 
away of the earthwork and sliding of the embankments; the others 
which are placed in valleys or elevated plateaux, when the line crosses 
the ridges di\iding the principal water courses will have steep ascents 
and descents. 

In making an examination of a tract of country, the first point 
to attract notice is the unevenness or undulations of its surface, which 
appears to be entirely without system, order, or arrangement.; but 
upon closer examination it will be perceived that one general prin- 
ciple of configuration obtains even in the most irregular countries. 
The country is intersected in various directions by main water courses 
or rivers, which increase in size as they approach the point of their 
discharge. Towards these main rivers lesser rivers approach on 
both sides, running right and left through the countrj', and into these, 
again, enter still smaller streams and brooks. The streams thus 
divide the hills into branches or spurs having approximately the same 
direction as themselves, and the ground falls in every direction from 
the main chain of hills towards the water courses, forming ridges 
more or less elevated. 

The main ridge is cut down at the heads of the streams into 
depressions called gaps or passes; the more elevated points are called 
peaks. The water which has fallen upon these peaks is tlie origin 
of the streams which have hollowed out the valleys. Furthermore, 
the ground falls in every direction towards the natural water c»ourses, 
forming ridges more or less elevated rimning between them and 
separating from each other the districts drained by the streams. 

The natural water courses mark not onlv the lowest lines, but 
the lines of the greatest longitudinal slope in the valleys through which 
they flow. 

The direction and position of the principal streams give also 
the direction and approximate position of the high ground or ridges 
which lie between them. 

The positions of the tributaries to the larger stream generally 
indicate the points of greatest depression in the summits of the ridges. 
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and therefore the points at which lateral communication across the 
high ground separating contiguous valleys can be most readily made. 

The instruments employed in reconnoitering, are : The compass, 
for ascertaining the direction; the aneroid barometer, to fix the ap- 
proximate elevation of summits, etc. ; and the hand level, to ascertain 
the elevation of neighboring points. If a vehicle can be used, an 
odometer may be added, but distances can usually be guessed or 
ascertained by time estimates or otherwise, closely enough for pre- 
liminary purposes. The best maps obtainable and traveling com- 
panions who possess a local knowledge of the country, together with 
the above outfit is all that will be necessary for the first inspection. 

The reconnoissance being completed, instrumental surveys of 
the routes deemed most advantageous should be made. When the 
several lines are plotted to the same scale, a good map can be pre- 
pared from which the exact location of the road can be determined. 

In making the preliminary surveys the topographical features 
should be noted for a convenient distance to the right and the left of 
the line, and all prominent points located by compass bearings. The 
following data should also be obtained: the importance, magnitude, 
and direction of all streams and roads crossed; the character of the 
material to be excavated or available for embankments, the position 
of <|uarries and gravel pits, and the modes of access thereto; and all 
other information that niav effect a selection. 

Topography. There are various methods of delineating upon 
paper the irregularities of the surface of the ground. The method 
of most utility to the engineer is that by means of ** contour lines." 
These are fine lines traced through the points of equal level over the 
surface surveyed, and denote that the level of the ground throughout 
the whole of their course is identical; that is to say, that every part 
of the ground over which the line passes is at a certain height above 
a known fixed point termed the datum, this height being indicated 
by the figures written against the line. 

The intervals between the hues vertically are equal and may 
be 1, 3, 5, 10 or more feet apart; where the surface is very steep they 
lie close together. These lines by tlieir greater or less distance apart 
have the efl^ect of shading, and make apparent to the eye, the 
undulations and irregularities in the surface of the country. 
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Fig. 4 shows an imaginary- trsict of country, tlie phTaitttl 
of which are shown by contour lines. 

Map. The map should show the 
lengths and direction of the different poi^ 
tions of tile line, the topography, rivers, 
Water courses, roads, railroads, and othi-r 
matters of interest, such as town and 
county lines, dividing lines Iwtween property, 
tiniliei-ed and cultivated lands, etc. 

Any convenient scale may be adoptol; 
400 feet to an inch will l>e found the most 
useful. 

Memoir, llie descriptive memoir 
should give with minuteness all information, 
such as the nature of tlie .soil, character of 
the several excavations whether earth or 
rock, and such partictilar feutupes as can- 
not be clearly shown upon the map or 
profile. 

Special information should be ^ven re- 
garding the rivers croAseil, us to their width. 
iK'plli lit hifihest knomi Hood, velocity of 
r'lim-Ht, I'liiiniitcr of lijiiiks and liottnm. 



ih! i)u> 






ilu' 



i:,;ik,'s with lh<- line of Ilic vnnd. 

Level*. LrvcK shniil.l Ir- taken along 
t!ie ciiursc of eiicli line, usually at even,- UK) 
feet, or !it closer inicrvat^. dc|K'ntling upon 

111 taking the levels, the lieights of 
all cxisliiig road-i, failfiiads. river.s, or 
canals should l>.- uoled. '■M.-iich umrks" 
should Ih- estiiblishcrl at least every half 
tjiilc, tliiil is, marks made on tmy fixed 
iilijcct. sMvh as ,1 gale post, .side of a house, 
or, in the absence of these, a cut made 
on a large tree. Tlic height and exact 



\ 



iFUi.-; '.•■; • 



T.* r. "^ 



HIGHWAY CONSTRUCTION 17 



description of each bench mark should be rec^orded in the level book. 

Cross Levels. Wherever considered ncicessary levels at right 
angle to the center line should be taken. These will be found useful 
in showing what effect a deviation to the right or left of the surveyed 
line would have. Cmss levels should be taken at the intersec»tion of 
all roads and railroads to show to what extent, if anv, these levels 
will have to be altered to suit the levels of the proposed road. 

Profile. A profile is a longitudinal sec^tion of the route, made 
from the levels. Its horizontal scale should be the same as that of 
the map; the vertical scale should be such as will show with distinct- 
ness the inefjualities of the ground. 

Fig. 5 shows the manner in which a {)rofile Is drawn and the 
nature of the information to be given u{K)n it. 

Bridge Sites. The fjuestion of choosing the site of bridges is 
an important one. If the selection is not restricte<l to a particular 
point, the river should be examined for a considerable distanc*e above 
and below what would be the most convenient point for crossing; and 
if a better site is found, the line of the road must be made subordinate 
to it. If several practicable crossings exist, they must be carefully 
compared in order to select the one most advantageous. The follow- 
ing are controlling conditions: (1) Good character of the river bed) 
affonling a firm foundation. If rock is present near the surface of 
the river bed, the foundation will be easv of execution and stabilitv 
and economv will l)e insured. (2) Stabilitv of river banks, thus 
securing a permanent concentration of the waters in the same bed. 
(3) The axis of the bridge should be at right angles to the direction 
of the current. (4) Bends in rivers are not suitable localities and 
should ht avoided if possible. A straight reach above the bridge 
should be secured if possible. 

Final Selection. In making the final selection the following 
• principles should be observed as far as practicable. 

(a) To follow that route which afl^ords the easiest grades. The 
easiest grade for a given road will depend on the kind of covering 
adopted for its surface. 

(b) To connect the places by the shortest and most direct route 
commensurate with easy grades. 

(c) To avoid all unnecessary ascents and descents. When a 



283 



18 HIGHWAY CONSTRUCTION 



road is encumbered with useless ascents, the wasteful expenditure of 
power is considerable. 

(d) To give the center line such a position, with reference to 
the natural surface of the ground, that the cost of construction shall 
be reduceil to the smallest possible amount. 

(e) To cross all obstacles (where structures are necessary) as 
nearly as possible at right angles. The cost of skew structures 
increases nearly as the square of the secant of the obliquity. 

(/) To cross ridges through the lowest pass which occurs. 
(g) To cross either under or over railroads; for grade crossings 
mean danger to ever}* user of the highway. 

Examples of Cases to be Treated. In laying out the line 
of a road, there are three cases which mav have to be treated, and 
each of these is exemplified in the contour map, Fig. 4. First, the 
two places to be connected, as the towns A and B on the plan, may 
be both situateil in the same valley, and upon the same side of it; that 
is, they are not separated from each other by the main stream which 
drains the valley. This is the simplest case. Secondly, although 
l>oth in the siime valley, the two plac*es may be on opposite sides of 
the valley, as at A and C, being separates! by the main river. Thirdly, 
thev inav ho situattMl in ditTerent vallevs, separated bv an interveninir 
ri(l<^c of ^m)iind more or less elevated, as at A and I). In laying out 
an extensive line of road, it freijiiently happens tliat all these cases 
have to be dealt with. 

The most perfect road is that of which the course is perfectlv 
straight and the surface practically level; and, all other things being 
the same, the Sest road is that which answers nearest to this de- 
scription. 

Now, in the first case, that of the two towns situated on the 
same sidt* of the main vallcv, there are two methods which mav l)e 
pursued in forming a connnnnication between them. A road follow- 
int; the direct line between them, shown by the thick dotted line A H, 
may be made, or a line may be adopted which will gradually and 
etinally incline from one town to another, supposing them to be at 
different levels; or. if they are on the same level, the line should keep 
at that level throu<;hont its entire course, following all the sinuosities 
and cnrves which the irre<i:ular formation of the countrv mav render 
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necessary for the fulfillment of these conditions. Acconling to the 
first method, a level or uniformly inclinetl n)ad might l)e made from 
one to the other; this line would cross all the vallevs and streams 
which nm down to the main river, thus necessitating <lee|) cuttings, 
hea\'y embankments, and numerous bridges; or these exj>eiisive 
works might be avoided by following the sinuosities of the valley. 
\Mien the sides of the main valley are pierced by numennis ravines 
with projecting spurs and ridges inter\'ening, instead of following the 
sinuosities, it will l)e found better to make a nearly straight line 
cutting through the projecting points in such a way that the material 
e.xcavated should l)e just sufficient to fill the hollows. 

Of all these, the best is the straight or uniformly inclined, or 
level road, although at the same time it is the most expensive. If 
the importance of the traffic passing between the places is not suffi- 
cient to warrant so great an outlay, it will bec*ome a matter of consider- 
ation whether the course of the road should 1^ kept straight, its surface 
being made to undulate with the natural face of the c()unt^^•; or 
whether, a level or ecjually inclined line being adoptcnl, the course 
of the road should be made to deviate from the direct line, and follow 
the winding course which such a condition is supposed to necessitate. 

In the second case, that of two places situated on opposite sides 
of the same valley, there is, in like manner, the clioice of a perfectly 
straight line to connect them, which would ])r(;l)ably rccjuire a big 
emlmnkment if the road was kept level, or steej) inclines if it followed 
the surface of the countrj*; or l)y win<ling the road, it may be carried 
across the valley at a higher point, where, if the level road be taken. 
the embankment would not be so high, or, if ke])t on the surface, 
the incUnation would be reduced. 

In the third case, there is, in like manner, the alternative of 
carrying the road across the intervening ridge in a perfc^ctly straight 
line, or of deviating it to the right and left, and crossing the ridge 
at a point where the elevation is less. 

The proper determination of the Cjuestion which of these courses 
is the best under certain circumstances involves a consideration of 
the comparative advantages and disadvantages of inclincvs and 
curves. What additional increase in the length of a road woul<l be 
equivalent to a given inclined plane upon it; or conversely, what 
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considerable expense, and it would be requisite to construct a much 
greater length of road than acconling to the second plan, which would 
l)e to form, as l)efore, a straight road from A to B, and fnmi C to (»on- 
stnict a roa<l which should join the former at a point I), so as to l)e [)er- 
pendicular to it. The traffic l)etween AorB and C wouhl pn)cee<l to 
the jx)int 1) an<l then turn off to (\ With this arrangement, while 
the length of tlie roads would l)e ver}* materially decreased, only a 
slight in<Tease would l>e occasioned in the distance l)etween C and 
the other two towns. The thinl methofl would be to fonn onlv the 
two roads A C and C B, in which case the distance l)etween A and B 
wouM l>e somewhat increase<l, while that between A C or B and C 
would be (hminished, and the total length of road to be constructwl 
would also be lessened. 

As a general rule it may be taken that the last of these mctlKnls 
is the l)est and most convenient for the pubUc; that is to say, that 
if the physical character of the c*ountry does not <letermine the course 
of the n)ad, it will generally be foun<l best not to adopt a ]>erfe<*tly 
straight line, but to vary the line so as to pass through all the ])rin- 
cipal towns near its general course. 

riountain Roads. The location of roads in mountainous 
countries presents greater difficulties than in an ordinary undulating 
country'; the siime latitude in adopting undulating grades and choice 
of {)osition is not permissible, for the maximum nuist be kept before 
the eye |)erpetually. A mountain road has to be constructed on the 
maximum gnwle or at grades closely approximating it, an<l but one 
fixed j>oint can be obtained before commencing the survey, and that 
is the lowest pass in the mountain range; from this point the survey 
must be commence<l. Hie reason for this is tiiat the \o\\vv slopes 
of the mountain are flatter than those at their snnunit; thcv cover a 
larger art»a, and merge into the valley in diverse undulations. So 
that a road at a f(K)t of a mountain mav be carried at will in the 
desire<l direction by more than one route, while at the top of a moun- 
tain range any deviation fn)m the* lowcvst pass involves increased 
length of line. The engineer having less connnand of tlie ground, 
owing to the reduced area he has to deal with and the greater abrupt- 
ness of the slopes, is liable to be frustrated in his attempt to get his 
line carrie<l in the desired direction. 
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it is a common pmctioe to rim a mountain survey up hii!, but 
this should be avoided. Whenever an aciite-anftlcd agJuiK is lurt 
with on a mountain njad near the summit, the inferent-c tti I* dnwii 
is tliat the line l>eing cnrried up hill on rejwhing the sunmiil wu 
too low and the 7.igz^ was iiecessan,- to reacli the desired \Ma. Tht 
iinlv remedy in sueli a case is by a resurvey beginning at thfuunimil 
and runuiuf! down hill. This metho<l re(|uires a reversal of tJial 
usually adopte<i. The grade line is first staked out and its horiwinlsl 
loc^atjon surveyeil afterwarfls. ITie most appropriate i list nimeni for 
this work is a transit with a vertical circle on which the tclescnpen 
l>e set to the angle of the maximum grade. 

Loss ol Height. 1a>ss of height is to I>e carefully avoided inll 
moimtain roail. By loss of height is meant an intenneiiiale rise in *J 
(lesi-ending grade. If a descending grade is interrupted by the in 
duction of an unneressiirj' ascent, the length of the rwui will be wW 
crfa-ted over that due to ttie continuous grade by the lengtti ol til 
portion of the rood inter\'eniug l»elween the summit of the rise MM 
the iwiiit in the road on a level with that rise — a length which i.»iioiro 
that due on the gradient to the height of the rise. For exanipl 
rf a road descending a moimtain rises at some intenncdiate ptHnlil 
,T,,-.-. Ml,., „ viAnv ..r ^pi.r. ;ihi! t))e I.^iuM Hscended aruomit- tiMIl)^ 
tVi-l li.'Iniv iln- di-scerit i.s I'lnilimifd, such :i n>iid would licjusione 
iiiilr !oii,L'.T ihiu. if llu- dcMTiit had been unintcrruptcl; for 1111 [«t 
is the rise due tn a hidl-rnile Icii^'tli at 1 : ^i. 

Water on Mountain Roads. Water is needed by ilip ft^r^ 
ini-Ti aiKl duriu.ir llie <'i)ri^tnK'lii.ii of llic n.iid: it is also very nc.ts-.ar;- 
for llie irallir, .■.[..■.■ialiy dm-in- hut weather; and if the n.ad cwwl- 
.-. mik> in leiiiTlh, provisiun >Ii<hi1.1 be made to have it citlier rln^ 
to or widiin .■;.^y r.-a.li nf the ivad. With a little ingenuity tlic 
water IV..m >j,rin-^ ab.-vc tl.r roa.l, if saeh exist, ean be led dnwn M 
driiildii- fi.nniaiiis lor n.ni. and to tnaighs f.-r animal>. 

Ill a Iriipiial <-iiniilry it would be a matter for .-.eriinn consider- 
ation if Ihc b.'.t line lor a mountain road 111 miles in len;;(h or u)>- 
uar.U. bnt witlmut water. >lii)nl.l not be abandoned in favor of a 
wr.rM- lin,. with a water ^npply available. 

HaitinK I'laces. ( In loni; lines of mountain roads halting 
plares should be provided at fre.|nent intervals. 
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Alignment. No rule can be laid clown for the alignment of a 
Toacl; it will depend both upon the character of the traffic on it and 
upon the *May of the land." To promote economy of transportation 
it should be straight; but if straightness is obtained at the expense 
of easy grades that might have been obtained by deflections and 
increase in length, it will prove very expensive to the community 
that uses it. 

Where cur\es are necessarj', employ the greatest radius possible 
and never less than fifty feet. They may be circular or paral>olic. 
The parabolic will be found exceedingly useful for joining tangents 
of unecjual length, and for following contour lines; its curvature 
being least at its l)eginning and ending, makes the deviations from 
a straight line less strongly marked than by a circular arc. 

When a cune occurs on an ascent, the grade at that place must 
be diminished in order to compensate for the additional resistance of 
the cune. 

. The width of the wheel way on curves must be increased. This 
increase should be one-ciuarter of the width for central angles between 
90 and 120 d^rees, and one-half for angles between 60 and 90 degrees. 
Excessive crooke<lness of alignment is to be avoided, for any unneces- 
sary length causes a constant threefold waste; first, of the interest 
of the capital expended in making that unnecessary portion ; secondly, 
of the ever recurring expense of repairing it; and thirdly, of the time 
and labor employe<l on travelling over it. 

The cun'ing road around a hill may be often no longer than the 
straight one over it, for the latter is straight only with reference to 
the horizontal plane, while it is curved as to the vertical ])lane; the 
former is curved .as to the horizontal plane, l)ut straight as to the 
vertical plane. Both lines curve, and we call the one passing over 
the hill straight only because its vertical curvature is less ap})arent 
to our eves. 

The difference in length between a straight road and one whi(!h 
is slightly curved is very small. If a road between two places ten 
miles apart w^ere made to cur\^e so that the eye could nowhere see 
farther than one-<^uarter of a mile of it at once, its length would 
exceed that of a straight road between the same points by only about 
four hundred and fifty feet. 
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Zij^zags. The methml of surmounting a licight by a .scHcm of 
xigxa^:s or Iiy a series of reaches with practicable curves at (he turns, 
is objectionable. 

(1) An acute-an^ed zigzag oblifies flw traffic to reverse its 
direction without affording it coiTcnieiii riHHii for the puqx^se. The 
consequence is that with slow imfhc a siii^lc rrain of VL-Iiii-It'.^ Is 
brought to a stand, while if two trsiins of veliicles travelling in op^xisite 
directions meet at the zigzag a block ensues. 

(2) With zigzags little progress is made tuwanis the ultimate 
destination of the road; height is suniioiuileii, ImiI hori?:otiiul di.sianc-c 
is increased for which there is no necessi^ or compensation. 

(3) Zigzags are duigerous. In case of a runaway down hill 
the zigzag must prove fatal. 

(4) If the drainage cannot be carried dear of the road at the 
end of each reach, it must be carried under the road in one reach only 
to appear agmn at the next, when a seomd bridge, cul>%rt, or dnun 
will be required, and so on at the other rndies. If the drainage can 
be carried clear at the termination of each reach, the lengttu between 
the curves will be very short, entuling nOmeroua ngaig curves, which 
are expensive to construct and maintain. 

Final Location, llie nnite l>eing finally determined upon, it 
requires to be Iwated. 'ITiis consists in tracing the line, placing a 
stake at every 100 feet on the straight portions and at everj' 50 or 
25 feet on the curves. At the tangent point of curves, and at points 
of compound and reverse cun'es, a larger and more permanent stake 
should l)e placed. T<e^t those stakes should be djsturned in the 
proces,s of construction, their exact distance from several points 
outside of the groiinrl to l>e occupied by the road should be carefully 
measured and recorded in the notelxmk, so that they may be replaced. 
The stakes above referred to show the position of the center line of 
the roa<l, and form the base line from which all operations of con- 
struction are carried on. I-evels are taken at each stake-, and cross 
levels are taken at every change of longitudinal slope. 

Construction Profile. The construction or working profile 
is made from the levels obtained cm location. It shoukl be drawn to a 
horizontal scale of 400 feet to the inch and a vertical scale of 20 feet 
lo the inch. Fig. 7 represents a portion of such a profile. The 
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figures ill ooliimn A represent the elevation of the ground at every 
100 feet, or where a stake has been <iriveii, above datum. 'ITie 
figures in c-ohimn B arc the elevations of the gra<le above datum. 
The figures in column C indicate the deptli of cutting or height of 
fill; they are obtained by taking tlie difference between the level of 
the road anil the level of the surface of the ground. The straight line 
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at the top represents the grade iif the mail; the upper surface of the 
road when finisheil would be aunewhat higher than this, while the 
given line represents what is termed the sub-grade or formation level. 
All the dimensions refer to the formation level, to which the surface 
of the ground is to be formed to receive the mad covering. 

At all changes in tlie rate of in<-lination of the grade line a heavier 
vertical line should be drawn. 

Gradient. The grade of a line is its longitudinal slope, and 
is designated by the proportion lietween its length and the difference 
of height of its two extremes, 'llie ratio of these tw() i|ualities gives 
it its Tiame; if tlie rojid ascends or falls one foot in every twenty feet 
of its length, it is saiii to have a grade of 1 : 20 or a 5 per cent grade. 
Grades are of two kinds, nuixiumm and minimum. The maximum 
is the steepe.st which is to be permitted and which on no accimnt is to 1« 
exceedal. The miiiimutn is the least allowable for good ilroina^. 
(For method of ilesignatiiig grade,s see Table 9). 

Determination of Gradients. The maximum gniile is fixeil 
by two con.side rat ions, one relating to the ]¥)wer expeudeii in jLscend- 
ing, the other to the acceleration in descending tlie inciine. 

There is a certain inclination, rlepeiiding ii[x>it the degree of 
perfef'tion given to the surface of the road, which cannot be exceeded 
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without a direct loss of tractive power. This inclination is that in 
descending whidi, at a uniform speed, the traces slacken, or which 
causes the vehicles to press on the horses; the limiting inclination 
within whidi this effect does not take place is the angle of repose. 

TABLE 9. 



Amnrtcan method. . 
F>e«iperKnf«ei. 


KnfTli 


1 
sh method. 


Feet per mile. 


Angle with the horizon. 


i 


:400 


13.2 


! o» 


8' 36' 


! 




:200 


-26.4 





17 11 




:loO 


39.6 





22 55 


1 




:100 


52.8 





34 23 


1* 




: SO 


66 





42 58 


u 




: 66J ! 


79.2 





51 28 


if 




: o7l 


92.4 




51 


2 




: 50 


105.6 




8 6 


2 




• 441 ; 


118. S 




17 39 


2 
2 




: 40 


132 


1 


25 57 




: 3(>i 


145.2 




34 22 


3 




: 33J 


158.4 




43 08 


3J 




: m 


171.6 


* 


51 42 


34 




: 2SJ ' 


184.8 


2 


16 


3J 




: "itil 


198 


2 


8 51 


4 




: 25 


211.2 


1 


17 26 


41 




: 23* 


224.4 


2 


26 10 


•*i 




• 22\ 


237.6 


2 


34 36 


4J 




\ 21 


250.8 


2 


43 35 


."S 




: 20 


264 


2 


51 44 


{\ 




: 13- 


31 6. S 


3 


26 12 


i 




: IH 


3()9 . H 


4 


15 


s 




: IJJ 


422.4 


4 


34 20 


\) 




: Hi 


475.2 


5 


S 31 


U» 




: 10 


52S 


5 


42 37 



'I'hr an«;lo of ro]H)so ft>r any pveii road surface can l)e easily 
asirrtaiiKHi from the tractive foree RH|uired upon a level with the 
same character of surface. Thus if the foree necessarj' on a level 
to overcome the resistaiur of the load is ^\ of its weight, then the 
same fraction expresses the an*]jle of re|)ose for that surface. 

On all inclines less steep than the antjjle of repose a certain 
amount of tractive force is nt^essarv in the descent as well as in 
the ascent, and the mean of the two drawing forces, ascending and 
descendin*;, is ecjual to the force along the level of the road. Thus 
on such inclines, as much mechanical force is gaine<l in the dcvscent 
as is lost in the ascent. From this it might be inferred that when a 
vehicle passes alternately eaeh way along the n)ad, no real loss is 
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occasione<l l)v the inclination of the road: suoh is not, however, 
practically the fact with animal |>ower, for while it is necessan' in 
the ascen(lin<( journey to have either a less or a greater numl)er of 
horses than would l)e re(iuisite if the roa<l were entirely level, no 
corresponding reduction can Ik? made in the descemhng journey. 
On inclines which are more steep than the angle of re|K)se, the load 
presses on the horses during their descent, so as to im{)ecle their 
action, and their ]M)wer is exjxended in checking the <lescent of the 
load; or if this effect he prevented hy the use of any form of <lrag or 
brake, then the |K)wer expended on such a drag or brake corresponds 
to an ecjual <|uantity of mechanical jK)wer expende<l in the ascent, 
for which no ecjuivalent is obtaine<l in the descent. 

Tlie maximum grade for a given n)ad will depend \ 1 ) u|)on the 
class of traffic that will use it, whether fast an<l light, slow ami heavy, 
or mixetl, consisting of both light and heavy; (2) upon the character 
of the pavement adopted; and (*^) upon the question of <-ost of con- 
struction. Economy of motive |K)wer ami low cost of construction are 
antagonistic to each other, and the engineer will liavc to weigh the 
two in the balance. 

For fast and light traffic the grades should not excee<l 2 per 
cent; for mixed traffic 3 per cent may be adopte^l; while for slow 
traffic combined with economy 5 per cent should not be excee<le<l. 
This grade is practicable but not convenient. 

Minimum Grade. From the previous considenitious it would 
appear that an absolutely level mad was the one to be sought for, but 
this is not so; there is a minimum or least allowabie grade which the 
road must not fall short of, as well as a maxinnmi one which it mu>t 
not excee<l. If the roa<l was ])erfectly level in its longitudinal direc- 
tion, its surface could not be ke])t free from water without giving it 
so great a rise in its middle as would cxj)osc vehicles to t\w danger of 
overturning. The minimum grade conuiioniy use<l is 1 per c<'nt. 

Undulating Grades. From the fact that the power re<|uired 
to move a load at a given velocity on a level road is decreased on a 
descending grade to the same extent it is increased in ascending the 
same grade, it must not be inferred that the animal force expended 
in pas.sing alternately each way over a rising and falling roa<l will 
gain as much in descending the several inclines as it will lose in ascend- 
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ing them. Such is not the case. The animal force must l>e sufficient, 
either in jx>wer or numl>er. to draw the load over the level iK)rtions 
and up the steepest inclines of the road, and in practice no reduction 
in the nuinl>er i^f horses can l>e made to correspond with the decreasecl 
power reipiireil in descending the inclines. 

'Hie jx>pular thet>n- that a gentle undulating road is less fatiguing 
to horses than one which is [perfectly level is erroneous. The asser- 
tion that the alternations of jtscent, descent, and levels call into plav 
different muscles, allowing some to rest while others are exerted, 
and thus relieving: each in turn, is ilemonstrablv false, and C(m- 
irailicte^l bv the anattMuical structure of the horse. Since this dcKv 
trine is a mere jx>pular ern>r, it should be utterly rejected, not only 
lH\*ause false iu itself, but still more l>ecause it encourages the building 
of uutlulatin:: n>ads. and this increases the labor and cost of trans- 
[H)rtation ujkmi them. 

Level Stretches. On long ascents it is generally recom- 
mcndtxl to intn^dui-e level or nearly level stretches at frecjuent inter- 
vals in onler to rt*st the animals. These are objectionable when 
they cause lo'^s of height, and animals will l>e more rested by halting 
and unliarnessing for half an hjur than by travelling over a level 
jiortioii. The only ia>o wliich justifies the intnxhiction of levels 
into an a>i'iMidini: road is wliciv sncli levels will advance the roa<l 
tmvanN ii> olMntive pimit; where this is the case there will be no 
lo>^ nt' tMtlier len^Mli or heiirht. and it will siin])ly be exchanging a 
level roa«l lu'lnw tor a level road above. 

IZstablishiiivc the (irade. When the proKle <^f a ])ro])osed 
route ha- been made, a ufrade line is drawn upon it (usually in n^l) in 
-n( h a manner a- to follow its pMieral slope, but to average its irregular 
elevation and ilepn^^^-iiMi^. 

It' the rati<» l»et\\een tlit^ whole distance and the height of the line 
i- l(*-^ than the maxinnnn irrade intended to be used, this hue will 1)C 
siti-t'artorv. bnt if it be t'onnd >tet^per. the cuttings or the length 
of the line will have t,) l>e increased; the latter is generalK preferable. 

The ajM'x or nicctini,^ point of all curves should be rounded off 
by a \crtical cnrvc. as «^hown in I'^iiT. S, thus slightly changing the 
irradc at and near the jioint of intersection. A vcMiical curve rarely 
need extend mon* than JOO feet each way fnun that point. 
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Let AB, B C, be two grades in profile, intersecting at station B, 
and let A and C be the adjacent stations. It is re(|uire(l to join tlie 




grades by a vertical curve extending fn>ni A to ( '. Imagine a chonl 
drawn from A to C. The elevation of the nii<ldlc point of the chord 
will be a mean of the elevations of the grade at A and (\ and one- 
half of tlie difference between this and tJic (^Icvation of tiic grade at 
B will \ie the middle onlinate of the curve. Ilcncr wr have 

^w 1 /gra<le A-f-gradcC , ^ \ 

^^^"2A 2 K'radcR| 

in which M ecpials the correction in grade tor the point B. The 
correction for any other point is proj>ortional to the s(|uare of its 
distance from A or C Thus the correction A + 2.") is ,',. M; at 
A + 50 it is JM; at A f 75 it is -j^,; M; nnd the same for corrr- 
sponding points on the other side of H. 'i'he corrections in thisca<e 
shown are subtractive, since M is negative. Tliey are additi\e 
when M is positive, ami the curve concave u])\viird. 

WIDTH AND TRANSVERSE CONTOUR. 

A road should be wide enough tt) ncconnnodate the trafHc for 
which it is intende<l, and should comprise a wheehvav for veliiclcvs 
and a space on each si<le for pc^iestrians. 

The wheelwav of countrv hi^^liwavs need be no wider than is 
absolutelv nece^isan' to accounu(Kiate tlie traific nsini; it; in nianv 
places a track wide enough for a single team is all that is necessarv. 
But the breadth of the lan<l a|)|)ropnated for highway jjnrposes 
should l)e .sufficient to provide* for all fntnre increase of traific. The 
wheelwavs of roads in rural sections slionid he double; that i-;. one 
portion paved (preferably the center), and the other left with tlu- 
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natunl soil. The latter if kept in repair will for at least one-half 
the vear be preferred by teamsters. 

The minimum width of the paved portion, if intended to carry 
two lines of travel, is 6xed by the width required to allow two vehicles 
to pass each other safely. This width is 16 feet. If intended for 
a single line of travel, 8 feet b sufficient, but suitable turnouts must be 
provided at frequent intervals. The most economical width for any 
roadway is some multiple of eight. 

Wide roads are the best; they expose a larger surface to the 
drying action of the sun and wind, and require less supervision than 
narrow ones. Their first cost is greater than narrow ones, and that 
nearlv in the ratio of the increased width. 

The cost of maintaining a mile of road depends more upon the 
extent of the traffic than upon the extent of its surface, and unless 
extremes be taken, the same quantity of material mil be necessary 
for the repair of the road whether wide or narrow, which is subjected 
to the same amount of traffic. The cost of spreading the materials 
over the wide road will be somewhat greater, but the cost of the 
materials will be the same. On narrow roads the traffic, being 
confined to one track, will wear more severely than if spread over a 
lender surface. 

The width of hiiul appn>{>riate<l for road purposes varies in the 
I'niteil States fmiii 401 feet to iM\ feet; in England and France from 
2() to (>() fetn. And the width or space macadamized is also subject 
to variation; in the Unitetl States the average width is 16 feet; in 
Franc^e it varies between 10 and 22 feet; in Belgium 8 J feet seems 
to be the regular wiilth, while in Austria from 14\ to 20} feet. 

Transverse Contour. 'V\w center of all roadwavs should 
he hiirher than the sides. The ohiect of this is to facilitate the flow 
of the rain water to the <;utters. Where a good surface is maintained 
a verv moderate amount of rise is suifieient for this purpose. Earth 
roads reciuire the most and asphalt the least. The rise should bear 
a certain proportion to the width of the carriageway. The most 
suital)le pro])ortions for the different paving materials is shown in 
tahle 10. 

Form of Transverse Contour. All authorities agree that 
the form should he convex, hut thev differ in the amount and form 
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of the convexity. Circular arcs, two straight lines joined by a circular 
arc, and ellipses, all have their advocates. 

TABLE 10. 

Kind of Surfacv'. Proportions of the 

Carriageway. Width. 
E^rth Rise at center ^^ . 

(iravel " *' *' ^ 

Broken Stone *' '* " ^V 

For countrv roads a curve of suitable convexitv mav be obtained 
as follows: (Jive .; of the total rise at \ the width from the center 
to the side, and J of the total rise at \ the width (Fig. 9). 

Excessive height and c»onvexity of cross-section contract the 
width of the wheel way, by concentrating the traffic at the center, 
that being the only part where a vehicle can run upright. The force 
required to haul vehicles over such cross-sections is increased, be- 

< < 

Fig. 0. 

cause an undue proportion of the load is thrown upon two wheels 
instead of being distributed ecjually over the four. The continual 
trea<l of horses' feet in one track soon forms a depression which holds 
water, and the surface is not so dry as with a flat section, which allows 
the traffic to distribute itself over the whole width. 

Sides formed of straight lines arc also ol)jectionable. They 
"wear hollow, retain water, and defeat the ol)ject sought l)y raising 
the center. 

The recjuired convexity should be obtained by n)unding the 
formation surface, and not by diminishing the thickness of the 
covering at the sides. 

Although (m hillside and mountain roads it is generally recom- 
mended that the surface should consist of a single slope inclining 
inwards, there is no reason for or advantage gained by this method. 
The form best adapted to these roads is the same as for a road under 
onlinary conditions. 

With a roadway raised in the center and the rain water draining 
off to gutters on each side, the drainage will be more eU'ectual and 
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speedy than if the drainage of the outer half of the road has to pass 
over the inner half. The inner half of such a road is usually sub- 
jected to more traffic than the outer half. If fonned of a straight 
incline, this side will be worn hollow and retain water. The inclined 
flat section never can be properly repaired to withstand the traffic. 
Consequently it never can be kept in good order^ no matter how 
constantly it may be mended. It is always below par and when 
heavy rain falls it is seriously damaged. 

DRAINAGE. 

In the construction of roads, drainage is of the first importance. 
The ability of earth to sustain a load depends in a large measure upon 
the amount of moisture retained by it. Most earths form a good 
firm foundation so long as they are kept dry, but when wet they lose 
their sustaining power, l>ecoming soft and incoherent. 

The drainage of roadways is of two kinds, viz., surface and sub- 
surface. The first provides for the speedy removal of all water 
falling on the surface of the road; the second* provides for the removal 
of the underground water found in the body of the road, a thorough 
removal of which is of the utmost importance and essential to the 
life of the road. A road covering placed on a wet undrained bottom 
will Ik* (lestroveil bv both water and frost, and will always he trouble- 
sf)ine and expensive to maintain ; perfect subsoil drainage is a neces- 
sity an<l will be fr)un(l economical in the end even if in securing it 
considerable expense is re(juired. 

Hie metlKKis employed for securing the subsoil drainage must 
be varied according to the character of the natural soil, each kind of 
soil recjuiring different treatment. 

The natural soil may be divideil into the following classes: 
silicious, argillaceous, and calcareous; rock, swamps, and morasses. 

The silicious and calcarw)us soils, the sandy loams and rock, 
present no great difficulty in securing a dry and solid foundation. 
Ordinarily they are not retentive of water and therefore require no 
underdrains; ditches on each side of the rojid will generally be found 
sufficient. 

The argillaceous soils and softer nuirls recjuire more care; they 
retain water and are difficult to compact, except at the surface; 
and thev are verv unstable under the action of water and trost. 
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The drainage of tliese soils may be efTei-ted by transverse drains 
and deej) side ditches of ample width. 'ITie transverse drains are 
p)ace<l across the road, not at right angles but in the form of an 
inverted V with the point directed up hill; the depth at the angle 
point should not be les-s than IS inches lielow the siibgrade surface, 
and each branch .sliould descend from the apex to the side ditches 
with a fall of not less than 1 inch in 5 feet. The distance apart of 
these «lrains will depend upon the wetness of the soil; in the case of 
\ery wet soil the\ should be at intenaK of l> feet which mai \k 
increased to 2 » feet as the ground becomes dner and firmer 

The trans\erse drams are tjest formed of unglazed circular tile 
of a diameter not le-v> than 3 inches jointed «ith loose (ollari I he 
tiles are made from terra cotta or burnt (lav are porous and are 
supenor to all other kinds of drains I hej carr\ off the water with 
greater ease nreU if e\er get choke<l up and only require a slight 
mthnation to keep the witer moMug through them 




The tiles are made in a \anet\ of forms is horseshoe sole 
double sole and round the name hciiig den\e<l from the shipe of 
the cross-sections Round tile is superior to all other fonns I he 
inside diameter of these tiles \aries from 1} to (> imhes but th(\ ire 
manufacturetl as large as 24 inches Pietes of the larger pi|>e sene 
as collars for the smaller ones llie\ are mule in lengths of 12 
14 and 24 inches and m thicknes.s of shell from } of m iix li to 1 mdi 

riie collar which emmUs tht joint of tin small till illows i 
large opening ami at the same time pievtiits siud and silt from 
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entering the drain. Perishable material should not be used for 
jointing. When laid in the ditch they should be held in place by 
small stones. Connections should be made by proper Y-branches. 
The outlets may be formed by building a dwarf wall of brick or 
stone, whichever is the cheapest or most convenient in the locality. 
The outlet should be covered with an iron grating to prevent vermin 
entering the drain pipes, building nests and thus choking up the 
waterway. f.See Fig. 12.) 




riB. 12. Outlet. 

Silt-basin.s .shoukl be constructed at all junctions and wherever 
else they may Ije considered necessary; they may be made from a 
.single ft-inch pijw (Fig. 11) or constructed of hrick ma.sonr\-. 

The trenches for the file should be excavated at least 3 feel 
wide on (np anil 12 inches on tlie bottom, .\fter the tiles are laid 
till' trenches mnst he filled to .snbjjrade level with nnmd liekl or 
c(il)ble stones; .stones witli angular e<lges are unsuitable for this 
piirpiisp. Fine gravel, .sand, or soil .shoukl not be placed over the 
drain.s. Bricks ami flat .stones may be substituted for the tiles, 
and the trenches filled as above stateci. 

As tile drains arc mure liable to injury from frost than those 
of eidicr brick or stone, tlicir cud.s at the .side ditches should not 
in very cokl climates be exposed directly to the weather, but may 
terniinate in blind drains, or a few lengths of vitrifie<l clay pipe 
ri'iicliing under the mad a distance of about 3 to 4 feet from the 
inner .slope of t!u- ditch. 

Anotlier nictliod of draining the roadbe<l offering .security from 
fro.sl is by (inc iir more rows of knifjitudinal drain.s. These drains 
are placed at ciiual ilislanccs fnan the side ditches and frcmi each 
otiicr, iukI dischiirgc iiui> cr(i,s.s drains |»lacc! from 2r)0 to 300 feet 
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apart, more or less, ile[>eiKliiig on the contour of the ground. Hie 
rross <iraiDs into winch they discharge should be of ample dimensions. 
(Jn these longitudinal lines of tiles the introduction of catch basins 
at inten'als of 50 feet will facilitate the removal of the water. These 
catch basins may lie excavated three or more feet .sf|uare and as deep 
as the tiles are laid. After the tiles are laid the pit is filled with gravel 
aiul small stones. 
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IF.B. 13, 
Fall of Drains It is i mistake lo ^ne too nuitli fall to small 
ns, the onb efFett of which is to produte sudi u tiirrent tliroiif;li 
them as will wash away or undermine the ground around them and 
ultimately cause their own ilestruction When a dram is once closed 
by any obstnittion no amount of fall whuh could lie gi\en it will 
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again clear the pas.sage. A drain with a considerable current throut;h 
it is much more hkely to tte stopped from foreign matter carried into 
it, which a less rapid stream could not have transported. 

A fail of 1 inch in r> feet will generally lie siifjicieni, and 1 inch 
in -30 inches should never l>e exceeded. 




Side Ditches are provided to carry away the subsoil wafer 
from the base of the mad and the nin water which falls upon its 
aurfwe t ■! . dii spet lib tlie\ niiisl hi\i < i|»u lU uid ini hnation 
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Dniiniitcc of the Surface. Tlie dralnajre of the roadway 
,inT;i. (■ cli'|HTi'l., iijHiii the prefer viit ion uf the tTO.'i.i-section, with 
rjMihir Kii'l iNiinlciTiiptei! fall t() tlie sides, without lioHows or rut 
II .shirh l\„- waK'i- ''an lir, and uUi iijH.n ihe l.mi;itii<litial fnli of the 
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I road. It this is not sufficient the road becomes floodetl tluring heavy 
rainstomis and melting snow, and is considerably damage<l. 
'ITie remova! of surface water from countrj' roads may l>e effected 
by the side ditches, into which, when there are no sidewalks, the 
water Bows directly. When there are sidewalks, gutters are formed 
lietween the roadway and footpath, as shoVn in Figs. 13 to 17, and 
the water is conducted! from these gutters into the side ditches Ijy 
tile pipes laid under the walks at intenals of about 50 feet. The 
entrance to tliesc pipes should be protectefl against washhig by u 
rough stone paving. In the rase of covered ditches under the foutpaUi 
the water must be led into them by first passing through a ratcli 
basin. These are small masonrj' vaults covere<l with iron gratings to 
prevent the ingress of stones, leaves, etc. Connection from the 
catch basin is made by a tile pipe about 6 inches in diameter. The 
mouth of this pipe is placed a few feet above the bottom of the catch 
ba^n, and the space below it acts as a depository for the silt carrieil 
by the water, and is cleaned out periodically. The catch basins may 
be placed from 200 to 300 feet apart. They should be made of 
dimensions sufficient to convey the amount of water which is liable 
to flow into them during hea^'y and continuous rains. 

If on inclines the velocity of the water is greater than tlie nature 
of the .soil will withstand, the gutters will l>e roughly paved. In all 
cases, the slope adjoining the footpath should be covered with soil. 

A ve!o<rity of 30 feet a minute will not disturb clay with sand and 
stone. 40 feet per minute will move coarse sand. 60 feet a minute 
wiQmovegravel. 120 feet a minute should move round pebbles 1 inch 
in diameter, and 180 feet a minute will move angular stones Ij inches 
in diameter. 

The scour in the gutters on inclines may l»e prevented by small 
weirs of stones or fascines constructed by the roadmen at a nominal 
cosi. At junctions and crossroads the gutters and side ditches re- 
quire careful arrangement so that the water from one road may not 
be thrf>wn upon another; cross drains and culverts will be refjuircil 
at such places. 

Water Breaks to turn the surface drainage into the side ditches 
should nut \ni constniited on improved roads. They increase the 
grade and are an impetlinient to coQvenlent and easy travel. Where 
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it IS necessary that water should cross the road a culvert should be 
built. 

On the side hill or mountain roads catch-water ditches should 
be cut on the mountain side above the road, to cut off and convev the 
drainage of tlie ground above them to the neighboring ravines. The 
size of these ditches will be determined by the amount of rainfall, 
extent of drainage from the mountain which they intercept, and by the 
distances of the ra\ane water courses on each side. 

Tlie inner road gutter should be of ample dimensions to carrj' 
off the water reachmg it; when in soil, it should be roughly paved with 
stone. AMien paving is not absolutely necessarj', but it is desirable 
to arrest the scouring action of running water during hea\'y rains, 
stone weirs may be erected across the gutter at convenient intervals. 
The outer gutter need not be more than 12 inches wide and 9 inches 
deep. The gutter is formed by a depression in the surface of the 
n)ad close to the parapet or revetted earthen protection mound. The 
drainage which falls into this gutter is led off through the parapet, 
or other roadside protection at frequent intervals. ITie guard stones 
on the outside of the road are placed in and across this gutter, just 
below the drainage holes, so a.s to turn the current of the drainage 
into these holes or channels. On straight reaches, with para])et 
protection, (lraina«;e holes with guard stones should be placed every 
20 fert apart. Where earthen mounds are used and it may not be 
convenient to have the drainage holes or channels every 20 feet, the 
^nianlstones are to he placed in advance of the gutter to allow the 
(h'aina^^e to pass behind them. This drainage is either to be run off 
at the cross (lraina«^e of tlie road, or to he turned off as before by a 
l^uard stone set across the <:fntter. 

At re-entering' turns, where the outer side of the road re(|uires 
])articular protection, guard stones should he j)laced every 4 feet. 
A^ all re-cnterin<; turns should he protected by parapets, the drainage 
holes through them may be placed as close together as desired. 

Culverts arc necessarv for carrvint; under a road the streams 
it crosses, and also for convevint; the surface water collected in the 
side ditches from the* n])p(M' side to that side on which the natural 
w.iter conrx's lie. 

]''sj)ecial care i^ recjuned to provide an ample way for the water 
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to be (tassetl. If tlie culvert is too smalt, it is liable t^j cause a washout, 
entailing iiiterniptiun of traffic and cost of repairs, and possibly may 
cause accidents that will require payment uf large sums for damages. 
On the otlier hand, if the culvert is made unnecessarily laige, tlie 
cost of construction is needlessly increased. 

'ITie area of waterway retjuired dejiemls (1) iipun ihc rate of 
rainfall; (2) the kiml and condition of the soil; (3) the character 
and inclination of the surface; (i) the condition and inchnation of 
the bed of the slream; (5) the shape of tlie area to l>e drained, and 
the position of the branches of the stream; ((i) the form of the mouth 
and tlie inclination of the bed of the culvert; and (7) whether it is 
permissible to back tlie water up al>uve llie culvert, thereby causing 
it to discharge under a head. 

(1) It is Uic muxiruurn rate iif rainfall <liiring tlie severest storm.-, 
which is recjuireil in thi.s ccmntt-tion. This varies greatly in differcnl 
sections of the country. 

The maximum rainfall as shown liy .slati.slics is about one inch 
per hour (except during heavy storms), eijual to 3,63U cubic feet per 
acre. < )wing to various causes, not more than 50 tn 7-5 fier cent of 

amount will reach the culvert witliiii the same hour. 

Inches of rainfall X 3,030 = cubic feet per acre. - 

Inches of rainfall X. 2,323,200 = cubic feet |>er .stpiare mile. 

(2) The amount of water to be drained off will depend u|)on the 
permeability of the surface of the ground, which will vaiy greatly 
witli the kind of soil, the degree of saturation, the condition of the 
cultivation, the amount uf vegetation, etc. 

(3) The rapidity with which the water will reach the water 
course depends upon whether the surface is rough or smooth, steep 
or flat, barren or covered with vegetation, etc. 

(4) The rapidity with which the water will reach tlie culvert 
depends upon whether there is a well-defined and nnobstnicted 
channel, or whether the water HmLs its way in a broati thin sheet, 
ll tlie water course is unobstructed and lias a considerable inclination, 
the water may arrive at the culvert nearly as rapidly as it falls; but 
if the I'hannel is ob.stmcled, the water may be much longer in passing 

I the culvert than in falhng. 
I (o) The area of waterway dejiends upon die amount of the area 
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U> lie drained; hut in many ca.ses the shape of this area and the posi- 
tion of the branches of the stream are of more importance than the 
amount of the territorj'. For example, if the area is long and narrow, 
the water from tlie lower portion may pass through the culvert before 
that from the upper end arrives; or, on the other hand, if the upper 
eml of the area is steeper than the lower, the water from the former 
may arrive simultaneously with that from the latter. Again, if tlie 
lower j>art of the area is l)etter supplied with branches than the upj)er 
|Mmion, the water from the former will l>e carried past the culvert 
liefore the arrival of that from the latter; or, on the other hand, if 
the upper part is better supplied with branch water courses than 
the lower, the water from the whole area may arrive at the culvert 
at nearly the same time. In large areas the shape of the area and 
the position of the water courses are verj* important considerations. 

((>) The efficiency of a culvert may be verj* materially increased 
by so arranging the upj>er end that the water may enter into it ^^ithout 
l>eing retanleil. The discharging capacity of a culvert can be greatly 
increaseil by increasing the inclination of its lied, provided the channel 
l)elow will allow the water to flow away freely after having passed 
the culvert. 

1 7 > The tli>charginir capacity of a culvert can l>e greatly increased 
l»y allowing the water to dam uj) alH)ve it. A culvert will discharge 
twice as much luuler a head of four feet as under a head of one foot. 
This lan l>e done safelv oiilv with a well eonstruete<l culvert. 

Hie iletennination of the values of the different factors entering 
into the proMein is almost wholly a matter of judgment. An estimate 
for auv one of the above factors is liable to 1h* in error from 100 to 
-00 |)er cent, or even mor(\ and of course any result deduced fn)m 
such data must be verv mutTtain. lH)rtnnatelv, mathematical exact- 
ness i^ not retpiired by the problem nor warrantinl by the data, "^riie 
(juestion is not one of 10 or 20 per cent of increase; for if a 2-foot ])i])e 
is >nHicient, a o-foot pipe will |)robal)ly be the next size, an increase 
of 22.') |)cr cent; and if a (Ufoot arch culvert is too small, an S-foot will 
be used, an increase of ISO |)er cent. The r(»al (juestion is whether 
a 2-foot pipe or an S-foot arch culvert is niTded. 

\ alnablc data on the proper .size of any |>articular culvert may 
be obtained . 1 ) by observing the -xisting openings on the .same 
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stream; (2) by measuring, preferably at time of high water, a cn>ss- 
section of tlie stream at some narrow place; and (3) determining the 
height of high water as indicated by drift and the evidence of the 
inhabitants of the neighborhood. 

On mountain roads or roads subjected to hea\'y rainfall culverts 
of ample dimensions should be provided wherever required, and it 
will be more economical to construct them of masonry. In localities 
where boulders and other debris are likely to be washed down during 
wet weather, it will be a good precaution to constnict catch pools at 
tlie entrance of all culverts and cross drains for the reception of 
such matter. In hard soil or rock these catch pools will be simple 
well-like excavations, with their bottom two or three feet below the 
entrance sill or floor of the culvert or drain. AMiere the soil is soft 
they should be lined with stone laid dry; if very soft, with masonrj*. 
The size of the catch pools will depend upon the >\idth of the drainage 
works. They should be wide enough to prevent the drains from 
being injured by falling rocks and stones of a not inordinate size. 

'^The use of catch pools obviates the necessity of building culverts 
and drains at an angle to the axis of the road. Oblicjue stnictures 
are objectionable, as being longer than if set at right angles and by 
reason of the acute- and obtuse-angled terminations to their piers, 
abutments, and coverings. 

Materials for Culverts. Culverts may be of stone, brick, vitri- 
fied earthenware, or iron pipe. Wood should l)e absolutely avoided. 

For small streams and a limited surface of rainfall either class 
of pipes, in sizes varying from 12 to 24 inches in diameter, will serve 
excellently. They are easily laid, and if properly l)CHl(le(l, with tlic 
earth tamped alx)ut them, are verj- permanent. Their upper surface 
should l)e at least 18 inches below the road surface, and the upper 
end should be protected with stone paving so arranged that the water 
can in no case work in around the pipe. 

When the flow of water is estimated to l>e too great for two liruvs 
of 24-inch pij>es, a culvert is recjuired. If stone abounds, it may 1)C 
built of large roughly scpiared stones laid either dry or in mortar. 
When the span recpiired is more than f) f(*et, arch culverts either of 
stone or brick masonry may be employed. For spans al)<)\e IT) feet 
the structure recjuired Ijecomes a bridge 
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Although often omitted, the end sections should be protected 
with a masonry or timber bulkhead. The foundation of the bulk- 
head should be deep enough not to be disturbed by frost. In con- 
structing the end wall, it is well to increase the fall near the outlet 
to allow for a possible settlement of the interior sections. When 
stone and brick abutments are too expensive, a fair substitute can 
be made by setting posts in the ground and spiking plank to them. 
When planks are u.sed, it is best to set them with considerable inclina- 
tion towards the roadbed to prevent their being crowded outward 
by the preMure of the embankment. The upper end of the culvert 
should be so protectetl that the water will not readily find its way 




Fig. lii. 



:il(in^ the (iiit.^ide of the pipes, in case the mouth of the culvert should 
l>ecome submergeil. 

Wlien the capacity of one pipe is not sufficient, two or more 
may be laid side by siile as shown in Fig. 19, Although the two 
small pipes do not have as much dischai^ng capacity as a single 
large one of equal cross-section, yet there is an advantage in lading 
two sr.iall ones side by side, since the wafer need not rise so high 
to utilize the full capacity of the two pipes as wouki be necessary 
to discharge itself through a single one of lai^ size. 

Iron Pipe Culverts. During recent years iron pipe has been 
used for cuherts on many prominent railroads, and may be used on 
roa<ls in set'tions where other materials arc unavailable. 

In constructing a culvert wiih cast-iron pipe the points requiring 
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particular attention are (1) tamping the soil tightly around the pipe 
to prevent tlie water from forming a channel along the outside, and 
(2) protecting the ends by suitable heati walls and, when necessary-, 
lajing riprap at the lower end. The amount of masonry required 
for the end walls depends upoiv the relative width of the embankment 
and the number of sections of pipe used. For example, if the em- 
bankment is, say, 40 feet wide at the base, the culvert may consist of 
tlirec 12-foot lengths of pipe and a light end wall near the toe of 
the bank; but if the embankment is, say, 32 feet wide, the culvert 
may consist of two 12-foot lengths of pipe and a comparatively heavy 
end wail well Iwick from the toe of the bank. The smaller sizes of 
pil>e usually come in 12-foot lengths, but sometimes a few 6-foot 
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to reduce the earthwork to the least possible amount, tx)th to render 
the cost of construction low, and to avoid unnecessary marring the 
appearance of the country in the vicinity of the n)ad. ^ITie most 
desirable position of the grade line is usually that which makes the 
amount of cutting and filling equal to -each other, for any surplus 
embankment over cutting must be made up by lx)rrowing, and suq>lus 
cutting must be wasted, both of these operations involving mlditional 
cost for labor and land. 

Inclination of Side Slopes. The proper inclination for the 
side slopes of cutting and embankments depen<ls upon the nature of 
the soil, the action of the atmosphere and of internal moisture upon 
it. For economy the inclination should \ye as steep as the natuic 
of the soil will permit. 

The usual slopes in cuttings are: 

Solid rock 1 to 1 

Flarth and (iravel .'ij to 1 

Clay :ior to 1 

Fine sand 2 or 3 to 1 

The slopes of embankment are usually made 1 1 to 1 . 

Form of Side Slopes. The natural, strongest, and ultimate 
form of earth slopes is a concave cur\'e, iii which the flattest portion 
is at the lx)ttom. '^Tliis form is verj- rarely given to the slof^es in r-on- 
structing them; in fact, the reverse is often the case, tlie slofHJs being 
made convex, thus saving excavation by the contractor and invitin<^ 
slips. 

In cuttings exceeding 10 feet in depth tlie forming of concave 
•Jopes will materially aid in preventing slips, and in any case they will 






Fig. 21. fross-Set^tion for Ernbankrumf. 

reduce the amount of material which will eventuallv have to be re- 
moved when cleaning up. Straight or convex slopes will continue 
to slip until the natural form is attained. 

A revetment or retaining wall at the base of a slo{>e will save 
cxcavatioQ. 
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In excavations of considerable depth, and particularly in soils 
liable to slips, the slope may \)e fonneil in terraces, the horizontal 
offsets or benches being made a few feet in widtli with a ditch on 
the inner side to receive the surface water from the portion of tlie 
side slope above tliem. These benches catch and retain earth 
that may fall from the slopes above them. The correct fonns for the 
slopes of embankment and excavation are shown in Figs. 21 and 22. 

Covering: of Slopes. It is not usual to employ any artificial 
means to protect the surface of the side slopes from tlie action of the 
weather; but it is a precaution which in the end will save much labor 




Fijr. 2'2. Cross-Sec lion for Exoavatlon. 

and expense in keeping the roadways in good order. The simplest 

means which can be used for this purpose consists in covering the 

slopes witli good sods, or else v/itli a layer of vegetable mould about 

four inches thick, carefully laid and sown with grass seed. Tliese 

means are amply sufficient to protect the side slopes from injurj' 

wlien thcv are not eximsed to anv other cause of deterioration than 
» 1 . 

the wash of the rain and the action of frost on the ortlinarv moisture 
retained hv the soil. 

A e()verin<r of hrushwootl or a thateh of straw may also l>e used 
with <;oo(l effect; hnt from their perishable nature they will recjnire 
frecjuent renewal and rej)airs. 

Where stone is abundant a small wall of sioue laid drj' may be 
constrncted at the foot (^f the slopes to prevent any wa.^h from them 
bein<: carried into the ditches. 

Shrinkage of Earthwork. All materials when excavated 
hicrease in hulk, hut after \}e'm^ de])()sited in hanks subside or shrink 
(rock excepted) until they occupy less space than in the pit from 
which excavated. 

Rock, on the other hand, increases in volume by beinc: broken 
up, and does not settle airain into less than its original bulk, '^llic 
iiicreiuse may he taken at ')() per cent. 
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the extarated material is moved cxmds a ptm anxMinL 

Tlie pfarari eri atifs wfiidi drtennine the classes tu «-h)<-h a innni 
materia] bHoogs are asoally described with deaniess in tlte s[K<ri- 
ficatimis, as: 

Earth K-ill indude loam. cUt, sand, and loose g^a^-eI. 

JIardpan wiil inrlode cemented gravel, ^ate. cobhU-s. bimI IxmiI- 
ders conlaiiung less than one mliic font, and all other iiiatters of an 
earthy nature, howev^er compact ther may be, 

Loosf rock vi\] include shale, decomposed nx-k, boiiUler^ nnd 
detached masses of rock containing not less than three cubic feet, 
and all other matters of a rock nature which may \m- liKtstnietl with n 
pick, althou^ blasting may l>e resortetl to in onler to expedite tlie 
work. 

Solid rock will include all nx-k fouml in place in tcilgcs iuhI 
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Pliwmmiuil of Earthwork. No ^^eneral role cai 
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ptmng of lh(- cxnivaml raatrnal. TIh^ open&lion in e>rh < 
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Formation vt Embanknicots. \Miere emkta 
Inirne'l nf Inwi than twu fert in hd^t. all .ftnmps « 
he reiufireil fnim tljr Afuwv lo he o«njpie<i ^IJ■ the < 
For emlniikment-t exceeding two fcrt in hetfrht i 
be Ho>«e rut. W«»b and Uraah. however. •Mtiehi b> be ^ 
if the nurfaiv i> mvered with ){Tasi aod. it ■;!( a 
row at (br u>c nt tlir nlofie. >Mie» a cutting ] 
the virj^uMe roalter sboiiVi l>c nauoved fnttn ' 
placin); tlir llll. The *ile nf ilie hank shouH be rareftd^C 
ami all de|>osits nf snfl, rfmiprK«<ihk mailer nmrnved. 
Li lo he miule ti\er a .^wanip or marsh, the bite ^houU hr tl 
rimined. and if possible llie till hJiduUI lie »iarte<l on I 

Perfect Alaliility Is the object aimeil at, and all pre 
nay to thin end shmiM he taken. Embankmcnt^t shottM I 
Mii-irv-ivi- l;iWT>. tuirik- iwn feet and under in la^-^-rs fms I 
iii'lit- II. i'\)v f'N.i, lifii\i.T lianks in layers 2 and 3 feet thit-fc. 
liiir-M-i iirnl Mjliifk's niiivcving the niateriab should \x- re<|uired[J 
jiiiss iiv.T iIk- liaiik fur ifif piirptise of consolidating it. and I 
^hiiiili! U- taken t« huvt- tli.- layers dip towards the center. Kmbi 
mi'Tils lirNl Imill ii|. in tlif i-eiUer. mid afterwanfs nrideDe<) byd 
ini: Ihr ■-;.rili »v.-r tl<" ^i<l•■s. >]ioiild not t>e alIon-e<I. 

Embaiiknu-nts on Hillsides. When the axis <»f llie 
is laid out on tlic side xlopc of a hill, and the ma<i is fbnnei} psr^ 
liy I'Miivatiiiu and parlly hy (inhanklng, the usual and most amqik 
itii-lliiHl is 111 cNtcnil 'iiiI till' otnliiuiknieiit gT-udiially along the wbofe 
liiir nf Ihi- I'M'avatiiiii. 'I'liis Tnetliod is insecure; the exravatcd 
iniiti-riiil if --iinply deposited on llif natural sl<)(>e is liable to aSp, 
lui'l 110 piiins slionlil iir spartni to j^ve it a secure hold, particitloi^ 

111 lln- I r llif sliipf. The natural surface of the slope should ht 

(■Ml into slipH as shown in Figs. 23 and 24. The dotl«i line AB 
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represeoLs tlie natuial 5urfai«' nf ihe ^munii. T E B trie exi-avatiuo. 
and A D r' the emlMinkiiie!it. rfetiiij un >iep> which have Ijeen exit 
fietween A and C. The best po^itiiiKi for these ^tep^ i^ peipen«iicalar 
to the axL* of greatest presaue. If A D i- inc4in€*i at ihe azi^ •if 
re[io^ of tlie material, the >tep^ near A -rhtxikl \.m^ iiK4irjevi in the 




• ^<^ 



a' 



opposite direction to A I>, an*! at an an^e ^f nearly W de|pree$ 
thereto, while the >te|*> near C may lie level. If stone i-^ ahumlant. 
the ifte of the >lope may lif further sefiireil hy a dry wall of ^one. 
On hillsides r»f jrreat in^-iination the aU>ve metho«l of construc- 
tion will not l»e .siifficientiv -jer-iire: retainin£r walls of <tone niu>t 
\ie siilistitiiteil for the side sloji#^ of U»ih the excavation^ and em- 
liaiikment^. 'Hie-e walt^ mav lie ma<le of -tone laid dr\\ when >t^»ne 




can lie prrK.iirerl in hlr^-ks of ^uffir-ient -izc to render thi< kinil of o«n- 
.struction of sufficient stability to re<i.-t the pre<-ure of iht- earth. 
\^^len the stones laid ilrv do not r»ffer thi< securitv, thev must Ik? laid 
in mortar. The wall which form< the -lof>e of the excavation should 
be carrier! up as high as the natural -urfar-e of the ground. Tnless 
the material is such that the slope may l>e .>afely fomierl into steps 
or lienches as shown in Fig. 23, the wall thai -ustauis the embank- 
ment shouM l)e built up Ut the surfar-e of th.e roailway. anil a paraj>et 
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iL to pffMect fwicstrians a^nst » 

the cfiiDcnsktiis of rrtajnii^ «; 
Conflrurtiiiri. 

On rock skipes «faen dx Si 
ifaltioa of the ambBwl forfacv » not ^maln- than one perpoxlia^ 
la t«v ime. Ae rowl omt he roa$tructn) partly in excafaliaa N 
pavdr ID tmJiwiili nil ul m tbe usual maimrr, or br itittii^ tlw El 
td ikr jlap; inlu bocrantital stops with Tvrtif-a] fac«^ am) biuliBQ 
1^ Ike 1 1 111 Milt 11 ■! in ifae fnno of a ^olid stone wall in boriioi 
iDUljm, had eiAer dtr «r m moctar. Care U requim) in proporM 
Of dir steps, ax afl idaBpts to Wsxn the quaiilitj' of exraratiunM 
iiiiiiaiiii(i. llie ooiBfacr mad ifiminJ'Jiing the wi4)th of ibe steps r 
■ilifitxnal pRcsutioiK atnnB^ sHtlemenl in the built-up ] 
of tbe Tomdnj. 

Vihm the tnr4 slope has a stealer incHniition than 1 :2 fl 
whole uf the matlwy Jxiuld lie in excaratHin. 

la sumr biralitMs njwb barr Imn mnstmcled along the Gl 
of nearir perpenlicular cKSs on timber fmmeworks ctHvostii^l 
botisoQt^ bcmOLs, finnl; fixed al one end by being let into ll 
tlriHeil in the roek. the odier eml Ijeing supported bv 
>tnit n-tir!.' ;uiii:'.-i ti.e n«.k in a -hoiililer tiiT tu rx-oivc it. There 
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(lestrujeil by it than are the- iiiatcriuls used hi tlie iviistnicliuii of tlie 
better (.-las.s nf n>a<ls. Wbeii water is allowed to stand upon the 
road, the earth i-s softenetl, the wagon wheeb penetrate it and the 
horses' feet mix and kneed it until it becomes impassable mud. The 
action of frost is aLsn apt to l>e more <lisa.strou.s upon the more per- 
meable surface (if the earth roaii, having the effert of swelling and 
hpaving the roailwav and throwing its surface out of shape. It mav 




in fact l>e said that the whole problem of the improvement and 
maintenance of orrlinary countr;' roads is one of drainage. 

In the preparation of the wheelway all stumps, bnish, v<^table 
matter, ntcka and lioulders should I>e remove<I from the surface and 
the resulting holes filial in with clean earth. The roaillieil having 




been brought to the require<l grade and cniwn should \>e thoroughly 
rolled, all inetjualities appearing during the rolling should l)e fille<l 
up and re-rolled. 

Care o1 Earth Roads. If the surfa<'c of the roadway is prop- 
erly forme<l and kept smooth, the water will be she<l into the side 
ditches and do comparatively little harm; but if it remains upon the 
surface, it will be absorlied and convert die road into mud. All 
ruts and depressions should be filled up as .soon as they appear. 
Repairs should lie attendeti to particukrly in the spring. At this 
season a Judicious use of a road machine ami rollers will make a 
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snuHuli n>atl. In suiiiiner when the surface gets rougheil up it can 
Ih' iuij)n»veil by running a harrow over it; if the surface is a little 
nniihly tliis treatment will hasten the <lrj'ing. 

During the fall the surface should \ye repaired, with special 
referenct* to putting it in shape to withstand the ravages of winter. 
Saucer-like depressions and ruts should l>e filled up with clean eartli 
Muiihir to that of the roadl)ed and tamped into place. 

Tlie side ditches should be examined in the fall to see tliat they 
tiiv free fn)ni dead wee<ls and grass, and late in winter they should 
l)e examined again to see that they are not clogged. The mouths ot 
culverts should l>e cleaned of nibbish and the outlet of tile drains 
ojx^netl. Attention to the side ditches will prevent overflow, and 
washing of tlie roadway, and will also prevent the formation of ponds 
at the roadside and the consequent saturation of the roadbed 

Holes and ruts should not be filled with stone, bricks, gravel 
or other material hanler than the earth of the roadway as the hard 
material will n(»t wear uniform with the rest of the road, but produce 
bumps and ridges, and usually result in making two holes, each 
larger than tlie original one. It is bad practice to cut a gutter from 
a hole to drain it to the side of the road. Filling is the proper course. 
whether tlie hole is drv or contains nuid. 

In the niaintenanee of clav mads neither sods nor turf should 
l»e nstnl to till Imles or ruts; for, though at first deceptively tough, 
iliev <oou (lerav and form the softest mud. Neither should the ruts 
be lilled witli Held Ntone^; tliev will not wear uniformlv with the rest 
of the roa<l, i)ut will produce hard ridges. 

Trees ami rh^^c liedi^^es should not be allowed within 20() feet 
of a clay n)ad. It reijuire^ all the sun and wind j)ossil)le to keep its 
surface in a ilrv and hard condition. 

Sand Roads. The aim in the impmvement of sand roads is to 
have the wlieehvay as narrow and well tlefnie<l as possible, so as to 
liave all the vehicles run in the same track. An abundant (rn)wth 
of veiretation shouM be eucourai^etl on each side of the wheelwav, 
♦'<»r by this means the sliearinijj of the sand is, in a great measure, 
avoideil. Ditrliin*^ beyond a sli^^ht depth to carry away the rain 
water is not doirable, for it tends to hasten the drvinjx of the sandj, 
which is to be avoided, ^^here possible the n)ads sh.ould be over- 
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hung with trees, the leaves and twigs of which t-atchiiig on the 
whwiway will serve still further to diminish the etTect of the wheels 
in moving the sands ul>out. If clay can be obtained, a coatinf^ G 
inches thick will l>e found a most effective and economical improve- 
ment. A coaling of 4 inches of loose straw will, after a few days' 
travel, grinci into the sand and l>e<«nie as hard and lus firm as a 
drj' clay road. 

'rite maintaining of smooth surfaces on all classes of earth roads 
will be greatly assisted and cheapened by the fretjuenl use of a roller 
I either steam or horse j and any one uf the various forms of mad 
grading and scraping machines. In repairing an earth road the 
plough should not be used. It breaks up the surface which has 
been compacted by time and (ravel. 

TOOLS FOR QRADINQ. 

Picks are made of various styles, according to the class of 
material in which they are to be used. Fig, 28 shows tlic form 




usually employed in street work. Fig. 2\) shows the form gcucrally 
used for clay or gravel excavation. 

The eye of the pick is generally formed of wrought inm, pointed 
with steel. The weight of picks ranges from 4 to 9 lb. 



1^1 Shovels arc niailc in two forms, square and round piiiiilcd, 

^fisually of pressed steel. 

Ploughs are extensively employed in grading, special forms 
being manufactured for the purpose. 'ITiey are known as "grading 
ploughs," " road ploughs " " township ploughs," etc. They vary 
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m farm ftcooidii^ to the kind of woric thejr ue intended for, m.: 
feosouDg euth, gnvd, hudpan, and some of the softer ttxAs. 

These ploughs are mode of great strength, selected vriutb oak, 
nx^ dm, iRougfat steel sod iron being generally used in their coa- 
atnictitHi. Ilie cost of operating plou^a ranges from 2 to 5 cents 
per cubic yard, depenifing upon the compactness of the smL Tlie 
quantitj at material ktosraed will vary frmn 2 to 5 cubic yards per 
hour. 

Fig. 31 shows the fimn usually adopted for looaeniog eardi. 
lUs [Jou^ does not turn the sul, but cuts a fnnow about 10 




Fig. n. ontdmsPiow. 



inches wide am) of a depth adjustable up to 11 inches. 

In light soil the ploughs are operated by two or four horses; in 
heavv soil.-i iw ninny as eight are employed. Grading ploughs vary 
in weight fnun 100 to 325 lb. 




Vis- 3S. Hnrdpan V 



Fig. 32 illustrales n plough spwially designed for tearing up 
nnoadani. gravel, or similnr niiiterial. The i>oint is a straight bar 
of cost steel ilruwii down to a point, and can Ije easily repaired. 



Scrapers are generally used to move the material loosened by 
ploughing; they are made of either iron or steel, and in a variety 
o( form, and are known by various names, at " drag," " buck," 
" pole." and " wheeled". The drag scrapers are usually employed 
on short hauls, the wheeled on long hauls. Fig. 33 illu.<>trufe.s the 
usual form of drag scrapers. 

Drag scrapers are made in three sizes. ITie .smallest, for one 
horse, has a capacity of 3 cubic feet; tlie others, for two horses. 




have a capacity of 5 tf» 7\ cubic feet. The smallest weighs aboiil 
00 lb., anil the lai^er on&s from 94 to 102 lb. 

Buck scrapers are made in two sizes — two-horses, carrj'ing Ik 
cubic feet; four-horses, 12 cubic feet. 

Pole scraper, Fig. 34, is designed for use in making anti leveling 
earth roads and for cutting and cleaning ditches; it is also well 




adapted for moving earth short distances at a minimum cost. 

Wheeled scrapers consist of a. metal box, usually steel, mounted 
on wheels, and furnished with levers for raising, lowering, and 
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Tlif|4ng Th^ an openlcd iu the same manner as drag 3(»^>en, J 
eucpl that aD the tnovemenls are made by means of the levers, and 1 
w h hi w t stopfKng die team. By their use the excessive re»stance to^ 





tnetion of the dng scraper is avoided. Variotu aiaes aie- made, 
nnpug in capacity faom 10 to 17 cubic teet In weight dic^ nuge 
bom 350 to 700 lb. 

WbMlbttrrvws. T^ whedbanow Aown in Ii^. 36 is ooik 
structed of wood and is the most commooly em{^oyed tor ear^ 
work. Its capacity ranges from 2 to 2^ cubic feet. Wdght about 
W lb. 

Tlic l>arn»w, Fiji. 37. has u presscd-steel tray, oak frame, and 
steel wheel, and will be found more dumble in the maintenance 




ng. M. Wooden Barrow. 
de[Hirtinenl tliun the nil wood barrow. Capacity from 3| to 5 cubic 
feet, depending on size of tray. 

The barrow, Fig. 3S. is constructeii with tubular ipjn frames 
and steel tray, and is adaptable to the heaviest work, sudi as 
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moving heavy broken stone, etc., or tt may Ix; employed with ad- 
vantage in the cleaning departnieiit. Capacity from 3 to 4 cubic 
feet. Weight from 70 to S2 lb. 




37. SWHl Tray HatTcif 

The niaximun di.stant'e to which earth can be move! c 
, ally in barrows is al»out 200 feet. The wheeling should l»e per- 
formed iipfm planks, whose steepest hiclination shonld not exceed I 
in 12. The force re(]uired tt» move a barrow on a plank is almnt j'j 
part of the weij^ht; on hard drv earth, al«)ut f'j- part of the weight. 

k 

I The time occupied in loading a barrow will varj' with the 
character of the material and the proportion of wheelers to shovel- 
lers. Approximately, a shoveller takes about as long to fill a barrow 
with earth as a wheeler takes to wheel a full barrow a distance of 
about 100 or 120 feet on a horizontal plank and return with the 
empty barrow. 

Carts. The cart usually employed for hauling earth, etc., is 
shown in Fig. 30. The average capacity is 22 cubic feet, and the 
average weight is 800 lb. These carts are usually furnished with 
bmad tires, and the body is so balanced that the load is evenly 
divided about the axle. 




I 
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TW law l eq uu q J lo la«d ft can vwivs with Uic maicrial. Oiic 
■^Mvdcr «3 TOfniiT abool as foiknra: Oar. seven niinutes; l(iain, 
■BnlcE; sand, five manites. 
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FV » Bulk W*eoK. 

Dump Can. 'Diese cus «iv made to dump in sei-eral difTerenl 
wxvs, \-iz.. $ingte or tioahJe side, su^ or double end, and rotaiy 
or universal dumpen. 

Dump cars mar be operated sit^v or in trains, as the magni- 
tude of tfae wmk m: 7 demand. 'IlHr)- may be mo\~>.Ti br hoises or 




Wc « Dump Can- 

small locomotives. Tlioy are made In vaHuiLs ^zes. <lepeiiding ilptiti 
the gauge of the Irack on which they are nm. A common gauge \g 



20 inches, but it varies from that up to the standard raikoad gauge 
of 561 inches. 

Dump Wagons. (Fig. 40.) The use of these wagons for mov- 
ing excavated earth, etc., and for transporting materials snch as saiul, 
gravel, etc., materially shortens the time required for unloading the 
ordinary form of contractor's wagon; having no reach or pole («n- 
necting the rear axle with the center Ijearing of the front axle, they 
may he cramjjed short and the loail deposite<l just where re<iuired. 
They are operated by the driver, and the capacity ranges from .■}."! 
to 45 cubic feet. 

Mechanical Graders are usetl extensively in the making and 
maintainiiig of earth roads. They excavate and move earth more 
expeditiously and economically than can be done by hand; they are 
called by various names, such as "road machines," "graiiers." 
"road hones." etc. Their general fonn i.s shown in Fig. 41. 

Briefly described, they consist of a large blade made entirely 
of steel or of iron, or wood shod with steel, which is so arranged by 
mechanism attached to the frame from which it is suspended that it 
can be adjusted ami fixed in any ilireetion by the operator. In their 
action they combine the work of excavating and transporting the 




earth. They have Ijeen chiefly employed in the forming and main- 
tenance of earth roads, but may be also advantageously used in pre- 
paring the subgrade surface of roads for the reception of broken 
stone or other improved covering. 

A large variety of .such machines are on tlic market. The 
J* New Era" grader excavates the niateriid from side ditches, and 






m^' 



ilieaDT liMtls Tlie nuUerrsl into <-aits or wa^nns. BiiidT i^ 
I. tfar nracfaiDr rruuiau of a ploiy^ vfturh liMk>em Ami nw 
tbe eaxtb, ilcpcsoiii^ it upoa a traosvenr r-mrmng-heU. wfaidi cm- 
vejB It rrom <*xcavmlion to ignh ante m eat- Thi* L-amer c* buOt tn four 
iBcdoas. tullel liieolier. » il '-xd br tiscd in •teliver eanii *I 14, 
17, 19. <>r J^ (tsrt fnuD tbe pluii^h. Tlw carrier brit is of ban 
3-plv rabbcr :t (eet wiilr. 

Tbepknf^ nod c»mw ne wr pp u r ml by intwmg tnagri fti M^ 
woriK mon$ 'w htsiy itee) axles and. bnwil wbeck. Tlie luge 
aear wtwela iim nUi-iuUvrl itpoa the nxle. nnil cMuieFtBl whh i(t«i^ 
jy^ntip ««hi>.-h pmpeLi the i-arnrin^wlt at rigfu ongju to tb« ilinc- 
Dtn in whidi titc machine is movini;. 

The wheeit unii tr unv. ' an* low 4n>i Itromi, (tcnipvm^ a ffwx 
,S [wt wuie antl I-t feet liiO|C. en*lusTve of the aile carrier, tiaa 
onUBifc i»MlfcaK bdlsiilKt wImis any wberiatl in|ilrri]ent» as 
'CrtViBllHitBtig ite InSP Mte tt » «» flniUe that il miT 
'ik ailAI amai a» • W4mC rnhMifcnwnt. FfbC wbeeb and 
hv«Di «MblB dw •iperaiDr tn nise iir knKr the pl»ngfa or carrier at 
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wagons ill the .siiiiio time, anil tlmt llit- <-(i-t nf ilii- )i:ii >\Yuvj i- (nnu 
l-l to 2^ cents i»er cnbif yunl. 

Points to be Considered in Selecting a Road iHachine. In 
the selection of n nmd niacliiiie the rullowiii;! |Kiiiii- '>)i>iiilil tit- larc- 
fully oonsi^leiwl: 

(1) 'nioroiiffhiiess iiiiil simplicity t»f its me<-liaiii';il iinisirm-iiim. 

(2) Material ami nfirkitianshi)) iisol in iis (-oii-^tnK-iioij. 

(3) Ease of (iperatimi. 

(4) Lightness of draft 

(5) Adaptability fonjoinj; jremrral roail-wnrk. <iiii'liiiiLr. fif 

(6) Safety to the "[Krator. 

Care of Road Machines. 'I'he niarl machine when nul in use 
should be stored in a dr>- house and tliHnnii^hly ctraneil, in blade 
brushed clean from nil a<-eimiiilations of imid. wipt^l thomnglily dry, 
and well covered with grease or crnde nil. The ti.vles. jmirnids. iii!il 
wearing parts should l>e kept well oiled when in ii^e. ajid an :^Ira 
blade should be kept on haii<l to avoid Mopjiinjr the inaeiiiiie while 
the dulle<l one is lieing sliarfiened. 

Surface Graders. The siii-face grader, I'ig. 42. i- n-cl fur it- 
moving earth previously Imisenetl by ;i plnncli, li i. upi-nii'-il Irv 
one horse. Tlie load muv Ik- retained and earricii -.i i-iihrnlilc 




dbtance, or it may l>e spa-ud gmdnally as the 'ijienitor ile-ir 
is also employwl to level utf and Iriiu thi- -intiicc ufler -iTiipe 
The blade is of Meel. {-inHi ilii.k, i:. ind,,., wide, ■. 
inches long. The lie.-i:ii and "tlier juiri-. nn- ol' oak nm 
Weight about CU lb. 




The i>i,iiir i- ''f -if^-'i. j-in.li ilii. k hy I iiicho-i liy 7:? inches, ami 
i-i |mi\; ii-'i with ;i mmi for iln- .:ri\tT, it i- oiKTUttil liy u tejuii of 
liur-,-. WViJii aU>m 1.-.0 \h. 



Drain ing-tools. I'lie tools enipioywl for digging the ditches 
and stiapiiig the Itoltoni to fit the drain tilus are shown in Fig. 4-i. 
They are convenient to use, and expedite tlie work by avoiding 
unnecessary excavation. 

Tlie tiM)ls are u.sed as follows: N{»s. H, 4 and .5 are usetl for 
digging the ditches; No.s. li and 7 for cleaning and rounding the 





bottom of the ditch for round tile. No. 2 is used for .shoveling out 
loose earth and levelling the bottom of the ditch; No. 1 is used fur 
the same pur|M(He wlien tlie ditch is intended for "sole " tile. 





Horse Rollers. There is a variety of horse rollers on the 

tarket. Fig. 4") shows the general form. Each consists essentially 

a hollow east-iron cylinder 4 to 5 feet 4ong, o to 6 feet in 
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inib Imva in wbntlt iMi 
J^Sf^lfitt, ami «KBe iMne Ami «ad» mat b 

ii^ eaR Inr snfaiubaa aumtm and tatmlrf tm^ Capantr abaui 




Row! coAftAiB '■"nM'rf of -wine &Meiqcti BuUnuI ai fERkVcl, 
e. p-Eu.j. vi/- . pfamsl im the mriWr »( the varth ruait. 
TTie nhjWt lit thiit rfivrrhiK. whabnvr ib omcuiv. U < I ) lu prolcrt ibp 
natural Miil from dw «tfect of wvotbrr arai mv^ aad -li to funuth 
■ <niDoch forbcr on whJcb dw itturiMKv to ttmro^n will be mluraj 
to tfie knul poHniUe uKmnC, ami wwr wbicli nfaides may [Ats with 
aoCrtv ami ecpHfitina at al aaj oi w of the vcsr. Wbefr an artificial 
arminfi ii nnpln^l, the wheel lamAt nxnii^ upoo its surface are 
(EfltnTiitteil ovrr a j^reatrr am of the raKfbcd than if tbe Imwls 
nunc 'KimK upi>a the i^anlt itsdf. The hods are nut *uslained by 
tbe nneriajt as a r^id stmctnrr, but aiv trait^vrral thrtiu^ it 1« 
the rofuilMnl, which moat stpport both the wrigbt of the ro^ientig 
ami t]ip laisil romin^ upon tt. 

Oravel Rnads. (rr;L'.>-l i- ;in a.X'iiniulatic!! nf ^mall more or 
!<■-•. ronri'l'-rl -r-jiK-- w]^ U ii-iuilly van- fnmi the -ire I'l" ;i -iiiaH pea 
ti. :i vMiliiut. Ii i- Mtt.ri Jr;t'T|[iLxtil with other -nditances. -iicli as 
■;.iiJ, rb,;. . |.,i,n, -u.. i'n>tii .^ii h .it' ivhi.-h it .lerives a liistitictive 
Tuiin-, In -.>-\.:uuj 'jr„'..-\ t.,r n.a.l pnrp.>^e< the -hief c|TM|ity to l>e 

Cnr..-! .1, -.■II. -ml i- MiiMTvii.-aMe for roa-iniakirii:. Tln< i> 
.liir [i,;,i„h t.. Ill- r'.iM thui til.' -urfao,. ..f liie pel.l.le- i- siiUHilh. >o 
fhiit th..> uill noi l>ir„l to;:,.tii.T in the tnaiiiier ..f Im.k.-n .tone. 
-.1 .■iij ^li-i'iiri' .it' ihi.-t or other inaleriai to serve as a 
.•^.■n if -ii.il l.in.iinj: tnaterial is fiiniishe,! it is .liffititlt 
I...M th- r,„io,l...l ^m.i |K)li.he.l surface of the pel.l.les 
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In .ritiiiii ile|..i-.it. of ;;fiiv(-l, particularly where the j>el>hly 
lii'i i . lo :i {^rvaliT or !i-,.s e\IeTit ciiTUposeil of liTuest()ue. a cim- 
'I'alilr amount uf iron oxiilc has !)een gathered iti the mass. 
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This effect is due to the teiidencv of water which contains iron to 

ft 

lay down that substance and to take lime in its place when the 
opportunity for so doing occurs. Such gravels are termed ferni- 
ginous. They are commonly found in a somewhat cemented state, 
and when broken up and placed upon roa<Is they again cement, even 
more firmly than in the original state, often forming a roadway of 
very good cjuality. 

When no gravel but that found in rivers or on the seashore can 
be obtained, one-half of the stone should be broken and mixed with 
the other half; to the stone so mixeil a small quantity of clay or 
loam, about one-eighth of the bulk of the gravel, must be added: 
an excess is injurious. Sand is unsuitable. It prevents packing in 
proportion to the amount added. 

Preparing^ the Gravel. Pit gravel usually contains too much 
earth, and should be screened before being used. Two sieves should 
be provided, one with meshes of one and one-half inches, so that all 
pebbles above that size may be rejected, the other with meshes of 
three quarters of an inch, and the material which passes through it 
should be thrown away. The expense of screening will be more 
than repaid by the superior condition of the road formed by the 
cleaned material, and by the diminution of labor in keeping it in 
order. The pebbles larger than one and a half inches may be 
broken to that size and mixe<l with clean material. 

Layins^ the Gravel. On the roadbed proj)erly prej)ared a layer 
of the prepared gravel four inches thick is uniformly spread over the 
whole width, then compacted with a roller weighing not less than 
two tons, and having a length of not less than thirty inches. The 
rolling must be continued until the pebbles cease to rise or creep in 
front of the roller. The surface must be moistened by sprinkling 
in advance of the roller, but too much water must not be used. 
Successive layers follow, each being treated in the above described 
manner until the requisite dej)th and form has been attained. 

The gravel in the bottom layer must be no larger tlian that in 
the top layer; it must be uniformly mixed, large and small together, 
for if not, the vibration of the traffic and the action of frost will 
cause the larger pebbles to r'lso to the surface and the smaller ones 
to descend, and the road will never be smooth or firm. 
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this foundation, contending that the subsoil, however bad, would 
carry any weight if made dry by drainage and kept dry by an im- 
pervious covering. The names of both have ever since been 
associated with the class of road which each favored, as well as with 
roads on which all their precepts have been disregarded. 

Quality of Stones. The materials used for broken-stone pave- 
ments must of necessity vary very much according to the locality. 
Owing to the cost of haulage, local stone must generally be used, 
especially if the traffic be only moderate. If, however, the traffic is 
heavv, it will sometimes be found better and more economical to 
obtain a superior material, even at a higher cost, than the local 
stone; and in cases where the traffic is very great, the best material 
that can be (>l)tained is the most economical. 

The qualities required in a good road stone are hardness and 
and toughness and ability to resist the disintegrating action of the 
weather. These qualities are seldom found together in the same 
stone. Igneous and siliceous rocks, although frecjuently hard and 
tough, do not consolidate so well nor so quick as limestone, owing 
to the sandy detritus formed by the two first having no cohesion, 
whilst the limestone has a detritus which acts like mortar in biiuh'iig 
the stones together. 

A stone of good binding nature will frerjuently wear much 
better than one without, although it is not so hanl. A limestone 
road well mtide and of good cn)ss-section will l>e more inij>er\Mous 
than any other, owing to this cause, and will not disintegrate so 
soon in dry weather, owing partly to this and partly to the well- 
known quality which all limestone has of absorbing moisture from 
the atmosphere. Mere hardness without toughness is not of much 
use, as a stone may be verj' hard but so l)rittle as to be crushed to 
powder under a heavy load, while a stone not so hard but having a 
greater degree of toughness will be uninjured. 

By a stone of good binding quality is meant one that, when 
moistened by water and subjected to the pressure of loaded wheels 
or rollers, will bind or cement together. This quality is possessed to 
a greater or less extent by nearly all rocks when in a state of dis- 
int^ration. The binding is caused by the action of water upon the 
chemical constit^ients of the stone contained in the detritus prcxlueed 
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1 U the sloiie. ami by tlic friction of the franiiimts mi aurh 1 

xtulv IwiiiR (X)mpiwteii ; its strength varies with the different I 

Jes of rock, Uit it exists in some measure with tlierti all, Ijeinff J 

ttest with limestone and least with gneiss. 

'Pile esspiilial condition of the stone to produce tliw binding 

Feet Is that it h.- sound. No decayed stone retsin-s the property of 

binding, though in siwie few cases, wliere the materitil I'ontuiiis iron 

ixidcs. it may, by thv cementing property of the oxide, undergo a 

'ertain lijiidiiig. 

A stone for a mad surface should be a,s little abs()rptive of 

i.sture n.s ]><j.ssilile in onlt-r that it may not suffer injury fnim the 

ion of fnist. Many limestones are objectional>le on this account. 

The stone u««l should be uniform in quality, othenvLse it will 

wear unevenly, and depressions will appear where the softer material 

A lieeii used. 

As the uniier parti of the road covering are not subject to the 
ear of traffic, and have only the weight of loads to sustain, it is 
t necessary* that the stone of the lower layer be so hard or so 
igh as the stone for the .surface, hence it is frequently j)ossibIe by 
iiig an inferior sione for that portion of the work, to greatly reduce 
the cost of constniction. 

Size of Stones. The stone shoidd be broken into fragments 
as nearly cubical as possible. The size of the cubes will depend 
upon the character of the rock. If it be granite or trap, they should 
not exceed \\ inches in their greatest dimensions; if limestone, they 
should not exceed 2 inches. 

The smaller the stones the less the percentage of voids. Small 
stones compact sooner, rajulre less binding, and make a smoother 
surface than large ones, but the size of the stone for any particular 
section of a road must l)e determineil to a certain extent by the 
amount of traffic which it will have to bear and the character of the 
rttck used. 

It is not necessary nor is it advisable that the stone should be 
all of the same size; they may be of all sizes under the maximum. 
In this condition the smaller .stones fill the voids l)etween the lai^er 
and less binding is required. 

Thickness of the Broken Stone. The offices of the broken 
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stone are to endure friction and to shed water; its thickness must 
he repilated by the quaUty of the stone, the amount of traffic, and 
nature of the natural soil he^l. Under heavy traffic it is atlvisahle 
to make the thickness greater than for light traffic, in order to pro- 
vide for wear and lessen the cost of renewals. 

When the roadbed is firm, well drained, and not likely to be 
affected by ground water, it will always afford a firm foundation 
for the broken stone, the thickness of which mav be made the mini- 
mum for goo<l constniction. This thickness is four inches. When 
this thickness is employed the stone must be of exceptionally fine 
quality and the road must be maintained by the " continuous " 
metho<l. With hea\y traffic the thickness should be increased over 
the minimum a certain amount, say 2 inches, to provide for wear. 
Where the foundation is unstable and there is a tendency on the 
part of the loads to break through the covering, the thickness of 
the stone must be made the maximum, which is 12 inches. In such 
a case it may be advisable to employ a Telford foundation. Where 
the covering exceeds six inches in thickness, the excess may be 
composed of gravel, sand or ledge stone, the choice depending 
entirely on the cost, for all are etpially effective. 

Foundation. The preparation of the natural soil over which 
the road is to be constructed, to enable it to sustain the superstnic- 
ture and the weights brought upon it, requires the observance of 
certain precautions the neglect of which will socmer or later result 
in the deterioration or possible destnjction of the road covering. 
These precautions vary with the character of the soil. 

Soils of a siliceous and calcareous nature do not present any 
great difficulty, as their porous natui-e generally affords good natural 
drainage which secures a dry foundation. Their surface, however, 
recjuires to be compacted; this is effected by rolling. 

The rolling should be carried out in dry weather, and any de- 
pressions caused by the passage of the roller should be filled with 
the same class of material as the surrounding soil. The rolling 
must be repeated until a unifonn and solid bed is obtained. 

The argillaceous and allie<l soils, owing to their retentive 
nature, are very unstable under the action of water and frost, and 
in their natural condition afford a poor foundation. The prepara- 
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Stone ciinsolHbteil with i:ii7o:»7««" NL^iinr rsaTcriki max preterm 
a gocxl ap|)earance ininie»iiaxe!j afier :*esixz ToSjcd tit'i r»e ccberwrLse 
an apparently gooil piece of woii. sdE :ii "ianip vcairier a creisiier- 
able amount of "licLIiii: ui>" St tie wheels of ibe Tchicief wiE laie 
place, which rejluces the >ii«unh of tbe/'ciadnr and ta^ufc*- the sur- 
face to wear unequally. 

By the application of an irazicfcier^aie qpaaniT ci bindiiu: of any 
description ihe sione oiaiin^ will i<^A»n>e ims^^uD-i orrociei^ in ccin- 
dition, and if the l^imlini: lie of an anrlliaf^'us naijre, h will esTiaD*J 
during frost, owing Ui its ali?^»rf»ent jirciiierties. and causae the dii- 
placement of the 5tone>. The s-^ra/^e wfj iiee»n«r sdcky, which 
seriously affects the tractive pi>wer ^4 btirse^. whiie ihe road it>elf 
will suffer l>y the irregular deteriorati« »n f»f the ^rjrfaoe. 

The use of such material a^ menTir^ne-i ::*t l«ir»<jing enaWe? 
rolling to l)e accomplishal in mu^-li les^ time than when prciper hind- 
ing is used, and the crjst oi c-on-ioliiiatin:: the ^one riiay lie reduce>i 
by 25 per cent; but, on the rrther hiand. the stone c*.iating which ^"ill 
probably contain uniler these r-irr-um stances fn»m 3iJ to ¥} per c^ent 
of soft and soluble matter, an«l pr»s>ibly present a smooth surface 
immediately after lieing rolleil. will quickly l»ect>me •cupperr by 
the wheel traffic a bumpy surface !>ein<: the result. This is cau>eKl 
by the irregular wear, while the la^in^ qualities or " life " of the 
coating will be .shonene«l, giNing u n sat i -fact on- results to those 
traveling over the rrwd, and the work of renewing: the surface of 
the roatl in this manner may prove a failure on economical ;:round.=. 
There can be no doubt, ami it is now l>ein;: more frenerally re<t io- 
nized, that sand as a material for bindin;: in connection with n)lling 
openations, when applied in a limite*! but sufficient quantity, pro- 
motes the durability of the stone coatin;:, while the general results 
are ecjually satisfacton-; a finn, conqmct. an<l smooth surface is 
obtained, and the subsecjuent maintenance of the road is minimized. 

A great amount of rolling is nt*cessa.y when sand is employee! 
as a binding material, but economy is pn)moted, and the results jire 
more satisfacton' when siind is used than bv the use of the material 
which gives to the stone an apj)earancc only of having been properly 
consolidateil. If clean vsand be use<l in combinaticm with the scret^i- 
ings from the crusher a very satisfactory surface will be obtained. 
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■ise of motor vehicles etjwipped with pueiimalio tires Ije- 

>] general, it is possible that swiiie other (iesfription of binihng 

nl will be necessary. The pumping action of suction createil 

pneumatic tires, especially wlien propell«l at a high speed, causes 

"insiderable movement of the fine particles of the bindiiig material, 

fi on being displaced will convert die covering into a mass of 

.. This objection can probably be overcome by watering. 

compacting the Broken Stone. TJiree methods of compacting 

lie broken stone are practiced : ( 1 ) by the traffic passing over the road ; 

)by rollers drawii by horses; (3) by rollers pro pel lei 1 by steam - 

'llie first metluHl is Iwth defective and objectionable. (1) It is 
Tuctive ia the horses and vehicles using the road. (2) It is waste- 
)f material; iilioul one-third of the stone is worn away in tlie oper- 
ation, (y) Dung ami dust are groimd up with the stone, and the 
road is more readily affected by wet and frost- 
Steam-rollers were first siicce.s.sfully introduce*! in France in 18G0, 
•c which time they have been almost universally adopted on account 
ihe Huperiorily and economy of die work done, ^^leir use shortens 
; time require*! for construction or repsiir, and elTccts an indirect 
ing by the reduced wear and tear of horses and ve^ucles. They are 
jittde in diilerent weigiits riinginf; from 3 to 30 tons. For the compact- 
ing of broken stone roads the weights in favor are from ten to fifteen 
tons; the heavier weights -are ctmsidered nnwieldy and their use is 
liable to cause damage to the underground structures that may lie in 
the roadway. 

The advantage of steam rolling may l>e summed up as follows: 

(1) They .shorten the time of construction. 

(2) A .saving of mail materiiil, (a) Iwcause there are no loose 
stones to be kicked alx)ut and worn; (h) liecuuse there is no abrasion 
of the stone, only one surface of the stone lieing eK|H»sed to wear; (c) 
because a thinner coating of stone can lie employed; (d) liccause no 
ruts can be formed in which water can He to rot the stone. 

(3) Steam-rolled roads are easier to travel on account of their 
even surface and superior hardness and they have a better apjwarance. 

(4) 'Hie niads can be repaired iil any seascm of the year. 
(.5) Saving both in uialcrials and rraniial lalmr. 
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HIGHWAY CONSTRUCTION 

PART II 

STREETS AND HIGHWAYS 

CITY STREETS 

Tlie first work rcKjuiriii^ the skill of the cMi<(iiuiT is to lay out town 
sites properly, esjHX-ially with reference to the future recjuireinents of ji 
large city where any such [X)ssil)ility exists. Few if any of our lar^^e 
cities were so planned, ^rhe same principles, to a linu'ted extent, are 
applicable to all towns or cities. The tojX)^ra[)hy of the site siiould Ik- 
carefully studied, and the street hues a(laj)ted to it. Thest* lines 
should l)e laid out svsteinatieallv, with a view to convenience and 
comfort, and also with reference to economy of construction, future 
sanitary improvements, ^ades, and draina«re. 

Arrangement of City Streets. (Generally, the l)est method of 
laying out streets is in strai<;ht lines, with frecjuent and re;;iilar inter- 
secting streets, esj)ec!ially for the business parts of a city. \VIien tlierc 
is some centrallv located structure, such as a courthouse, citv hall, 
market, or other prominent building, it is very dcsiral»lc to liavc several 
diagonal streets le«i<ling thereto. In tlie residence ])ortions of cities. 
es])ecially if on hilly gn)und, curves may with advanta;:c rcnia'c* 
straight lines, by alfcirduig better pades at less <*ost of p-adin;;, and by 
improving property tlmmgh avoi<ling heavy embankments or <'nttin;^rs. 

Width of Streets. '^Fhe width of streets should \>v ])ro|Hirtioned 
to the character of the traffic tliat will use t!iem. Xo rule can Ik» laid 
dovm by which to determine the best width of streets; but it may safely 
l)e said that a street which is likc^lv to become a commercial tliorou'rii- 
fare .should have a width (/f not hvss than 120 fe<"t Iw^tween the bnildiuLT 
lines — the carriage-way SO feet wide, and the sidewalks each 20 feet 
^ide. 

In streets occu|)ii*<l entirely by nsideiices a carria^a'-way '.]2 feet 
wide will l>e ample, but the width between the bui]din«£ lines may be as 
great as desired. The sidewalks may lie any afnoimt c»ver 10 feet 
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w)iidi fainy Hiciates. Whatever wiilth is oiloptcil for tliein, not more 
of it than S fi.^"! riccl l>e [>ave<l, tlie remainder being iKtiniidl with 
jirass ami tree>- 

Street Grades. 'Hie grades <jf city .streets depeml u])i>ii tlie 
tiiptigniphy of the site- 'ITie necessity of a^oiiliiig deep cuttings or 
Iiigli emitanlanent.s whith would seriously affect the value of iii!joiiiin(; 
property fur building purfK».ses, often demaiHls steeper grades tlian 
are permissible on countrj' roads. Many cities have pa\eil streets 
on 20 |H-r <*ent grades. In e.stablishing gratles through unimproveil 
prupcTty, they may u;*iial!y l>e laid with reference tn .securing tlie must 
desirable jirrif iitage witliiti a proper limit of cost, lint wlien impRive- 
iticnts have already lieen made and liave l>een located witli reference 
to the iiatDral surface nf tlie ground, giving a desirable grade Is fre- 
quently a matter of I'xtrenie difficnlty without injury to adjoining 
[Mfoperty. In sueh case-* it liecomcs a <|ue,'{tion of how far individual 
interests shall be sacrificeil to the 
s' general good. Tlicre arc, how- 

^ ever, certain conditions wliidi it is 

<?i\ffii-l\\i important tn bear in mind: 

(1) lliat the longitudinal 

crown level should Ik unifiirnily 
.sustained from street to street 
iiilei-sectiun, whenever practicabie. 

(2) That the grade should 

_^_,,^ l)e sufficient to drain the surface. 
;'^''' " (3) That the crown levels at 

: all intersections should be c.\- 

1' ij-'. ■I'' tende<i transversely, to avoid form- 

ing a liepression at the junction. 
Arrangements of Graites at Street Intersections, The l>est ar- 
rangement for intersections of .streets when either or both have much 
inclination, is a matter requiring much con.si deration, and is one up<m 
which much diversity of opinion exists. No hard or fast rule can be 
laid down; each will require special adju.stment. The l)est and sim- 
jilest niethixi is to make the re<-taiignl!ii- .space atiaaaaaa. Fig. 47, 
level, with a vise of oiic-half inch in 10 fwl from AAAA to B, placing 
gulleys at AAAA and the catcli basins at m: Wlien this method is 
not practicable, adopt sucli a grade (but one not e.vc-eeding 2i i>cr cent) 
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th.at the rcH'tanjijle AAAA shall apjK'iar to be nearly level; but to secure 
this it must actually have a considerable dip in the direction of the 
slope of the street. If steep grades are continued across intersections, 
they intnnluce side slopes in the streets thus crossed, which are trouble- 
some, if not dangerous, to vehic?les turning the corners, especially the 
upper ones. Such intersections are especially objectionable in rainy 







Fig. 48. 

weather. The storm water will fall to the lowest point, concentrating 
a large (juantity of water at two receiving basins, which, with a broken 
grade, could l)e divided l)etween four or more basins. 

Fig. 4S shows the arrangement of intersections in steep grades 
adaj)ted for the streets of Duluth, Minn. Fn)m this it will l)e seen 
that at these intersections the grades are flattened to three per cent for 
the width of tjie roadway of the intersecting streets, and that the grade 
of the curbs is flattene<l to eight j)er cent for the width of the intersecting 
sidewalks. Grades of less amount on roadway or sidewalk are «)n- 
tiimous. The elevation of block-c»orners is found by adding together 
the curb elevations at the faces of tlie block-corners, and 24 per cent of 
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descril>ecl in Part I. ^Flie curve should \ye used both in the cro\\Ti of 
the street and in the curb and footpath. 

Where the grade is level between intersections, sufficient fall for 
surface drainage may be secured without the aid of accommodation 
summits, by arranging the grades as shown in Fig! 49. The curb is 
set level between the corners; a summit is formed in the gutter; and 
receiving basins are placed at each corner. 

Transverse Grade. In transverse grade the street should be 
level; that is, the curbs on opposite sides should be at the same level, 
and the street crown rise equally from each side to the center. But in 
hillside streets this condition cannot always \ye fulfilled, and opposite 
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Fig. 51 . 










Fig. 52. 



.sides of the street may differ as much as five feet; in such cases the 
engineer will have to use his discretion as to whether he shall adopt a 
straight slope inclining to the lower side, thus draining the whole street 
by tlie lower gutter, or adopt the three-curb method and sod the slope 
of the higher side. 

In the improvement of old streets with the sides at different levels, 
much difficulty will be met, especially where shade trees liave to \ye 
spared. In such cases, recognized methods have to be abandoned, and 
tlie engineer will have to adopt methods of over(»oming the difficulties 
in accordance with the conditions and necessities of each particular 
case. Figs. 50, 51, and 52 illustrate several typical arrangements in 
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the case of streets in which the opposite sides are at different levels. 
Transvene Contour or Crown. The reason for crowning a pave* 
ment — i. e., making the center higher than the sides — is to provide 
for the rapid drainage of the surface. Hie most suitable form for the 
crown is the parabolic cun-e, which may be started at the curb line, 
or at the edge of the gutter adjoining tb.e carriage-wav about one foot 




Fig. 53. 



from the curb. Fig. 53 shows this form, which is obtained by dividing 
the ordinate or width from the gutter to the center of the street into ten 
equal parts, and raising perpendiculars the length of whidi will be 
determined by multiplying the rise at the center by the respective 
number of each perpendicular in the diagram. Hie amounts thus 
obtained can be added to the rod readings; and the stakes, set at the 
proper distance acmss the street, with their tops at this level, will give 
the recjuirefl curve. 

'^J lie aiiioiint of transverse rise, or the height of the center alx>ve 
tl;e gutters, varies with the (Hfferent paving materials, smooth pave- 
ments rwjuiring the least, and rough ones and earth the greatest. The 
rise is generally stated in a projK)rtion of the width of the carriage-way. 
J1ie most suitable projx)rtions are: 

Strmo l)l()(ks, ris<* at cciitfT, ^\ widtli of carriage-way. 
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Sub-Foundation Drainage of Streets. The sub-foundation 
<lrainai;e of streets cannot he efFecteil 1)V transverse drains, l)ecause of 
their liability to disturbance by the introduction of gas, water, and 
other pij)es. 

Tiongitudinal drains must be dej^ended upon entirely; they may 
be constructe<l of the same materials and in the same manner as road 
drains. The numl)er of these longitudinal drains mast depend upon 
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the (baracter of the soil. If the soil is moderately retentive, a single 
n)\v of tiles or a hollow invert placed under the sewer in the center of 
the stieet will generally be sufficient; or two rows of tiles may \>e em- 
j)loye<l, one placed outside each curb Hne; if, on the other hand, the 
soil is exceedingly wet and the street very wide, four or more lines 
may be employe<l. I'hese drains may l)e jiermitted to discharge into 
the sewers of the transverse streets. 

Surface Drainage. '^Ihe ren^oval of water falling on the street 
surface is provided for by collecting it in the gutters, from which it is 
discharged into the sewers or other channels l)y means of catch-basins 
placed at all street intersections and dips in the street grades. 

Gutters. I'he gutters must !)e of sufficient depth to retain all the 
water which feaches tliem and prevent its overflowing on tlie footpath. 
ITie depth should never be less than inches, and very rarely need l)e 
more thi^n 10 inches. 

Catch-basins are of various forms, usually circular or rectangular, 
built of l)rick masonry a>ated with a plaster of Portland cement. 
Wliichever form is adopted, they should fulfil the following conditions: 

(1 ) The inlet and outlet should have sufficient capacity to receive 
and <]ischarge all water reaching the basin. 

(2) The basins should have sufficient capacity l)elow the outlet 
to retain all sand and road detritus, and prevent it being carried into 
the sewer. 

(3) They should be trappe<l so as to prevent the escape of sewer 
gas. (This recjuirement is fre(|ucntly omitted, to the detriment of 
the health of the people.) 

(4) They should \ye constructed so that the pit can eitsily be 
cleaned out. 

(5) The inlet should l>e so constructed as not easilv to l)e choked 
by leaves or debris. 

(G) '^rhey must offer the least possible ol)struction to traffic. 

(7) Hie pipe connecting the basin to the sewer should be easily 
free<l of anv obstruction. 

The bottom of the bjisins should be or S feet l)ek)w the street 
level; and the water level in them should be from 3 to 4 feet lower than 
the street surface, as a protection against freezing. 

The capacity and munber of basins will de[)end u|K;n tlie area of 
surface which thev drain 
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treatment. Whatever its character, it niiist be l)roiight to a dry and 
tolerably hard condition by draining and rolling. Sand and gravels 
which do not hold water, present no difficulty in securing a solid and 
secure foundation; clavs and soils retentive of water are the most 
difficult. Clay should be excavated to a depth of at least 18 inches 
below the surface of the finished covering; and the space so excavated 
should be filled in with sand, furnace slag, ashes, coal dust, oyster 
shells, broken brick, or other materials which are not excessively absorl)- 
ent of water. A clay soil or one retaining water may be cheaply and 
effectually improved by laying cross-<lrains with open joints at inter- 
vals of 50 or 100 feet. Tliese drains should be not less than IS inches 
l)elow the surface, and the trenches fille<l with gravel. They should 
l>e 4 inches in internjil diameter, and should empty into longitudinal 
drains. 

Sand and planks, gravel, and broken stone have l)een successively 
used to form the foundation for pavements; but, although eminently 
useful materials, their application to this ]>urpose has always l)een a 
failure. Being inherently weak and possessing no cohesion, the main 
reliance for both strength and wear must l)e placed upon the surface- 
covering, '^rhis covering — usually (except in case of sheet asphalt) 
ct)mj)<)sed of small units, with joints l)etweeri them varjnng fn)m one- 
half an inch to one and a-half inches — possesses no elements of cohe- 
sion; and under the blows and vibrations of traffic the independent 
units or l)locks will settle and l)e jarred loose. On account of their 
{K)rous nature, tlie subsoil (juickly beccmies saturated with urine and 
surface waters, which percolate through the joints; winter frosts up- 
heave them; and the surface of the stnn^t becomes blisteriMl and broken 
up in dozens of places. 

Concrete. As a foundation for all classes of pavement (broken 
stone excepted), hydraulic-cement concrete is superior to any other. 
When properly constituted and laid, it becomes a solid, colierent mass 
capable of l)earing great weight widiout crushing. If it fail at all, it 
must fail altogether. The concrete foundation is the most (*ostly,but this 
is balanced by its permanence and by the saving in the cost of repairs to 
the pavement which it supports. It admits of access to subterranean 
pipes with less injury to the neigh!K)ring pavement than any other, for 
the concrete may be broken through at any jx)int witliout unsettling 
the foundation for a considerable distance around it, as is the case vith 
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sand or other incoliereul inuifrial; and w^en tbe concrete is replaced 
mill sel, thf ciiverinf; niav lie reset at its jwoper level, without t!ie un- 
Ci-rtuiii tilhiwatH-e for settlement which is netvAsarv in other cases. 

Thickness of Concrete. ITie thickness of the crmerete l>«i must 
lie pr<iportion«i by the engineer; it should Ite sufficient (o pro»H<lc 
against hreakini^ under transverse strain caused by the settlement of 
the sultsoil. ()n a welUlraiitnl soil, six inches will be found sufficient; 
hill in moist and clayej* »oils, twelveinches will not l»e escessivu. ( )n 
.■*uch soils a layer of sand or uravel, sprea<l dnil coinpacteil Iwfore pla- 
cin); the ixintTetc. will l>e found very Ijeueficial. 

'ITie proportions of tlie ingredicnti for concTcte usiil for ])aveincnt 
fouDdatioa>i arc usually: 

1 part PorllwKl cofQUit 
3 piirtii Sirnd 

7 ptirta Broken Stone. 
Or, 

1 part Natural Hydraulic C^racnt 

2 parts Sand 
5 parts Bniken Stone. 

The ([uestion is snmetiines mised as to whether Natural or Port- 
Innil ixTtieiit shmilil lie used. N'adirnl cement is more extcnsiicly 
employed on account of its being cheaper in price than Portland. 
'ITiere is no advantage gained in using Portland cement. Concrete 
should not be laid when the temperature falls below 32° F. 

The concrete foundation, after completion, should be allowed to 
remain several days l)efore the pavement is placed upon it, in order 
that the mortar may l>ecome entirely set. During setting, the con- . 
Crete should l)e protected from the dn'ing action of the sun and 
wind, and should be kept damp to prevent the fo>-mation of drying 
( rucks. 

STONE BLOCK PAVEMENTS 

Stone blocks are commonly employed for pavements where traffic 
is hea\y. The material of which the blocks are made should possess 
STifficient hardness to resist the abrasive action of traffic, and sufficient 
toughness to prevent them from being broken by the impact of loaded 
wheels. The hanlest stones will not necessarily give the best re- 
sults in the pavement, since a very hanl stone usually wears smooth 
and becomes .tlippery. 'ITie edges of the block chip off, and the 
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upper face l>ec'omes rfiunded, thus making the pavement very 
rough. 

'Hie stone is sometimes tested to determine its strength, resistan(*e 
to abrasion, etc.; but, as the concHtions of use are (juite (Hfferent from 
those under which it may he testeil, such tests are seldom satisfactory. 
However, examination of a stone as to its structure, the closeness of its 
grain, its homogeneity, porosity, etc., may assist in forming an idea of 
its value for use in a pavement. A low degree of permeability usually 
indicates that the material will not be greatly affected l)y frost. 

Materials. — Granite. Granite is more extensively employed for 
stone block paving than any other variety of stone; and because of this 
fact, tlie term **granite paving** is generally used as lieing synonymous 
with stone block paving. '^Fhe granite employe<l should l)e of a tough, 
homogeneous nature. '^Fhe hard, cjuartz granites are usually brittle, 
and do not wear well under the blows of horses' feet or the impact of 
vehicles; granite containing a high perc*entage of feldspar will l)e inju- 
riously affected l)y atmospheric changes; and granite in which mica 
pre<iominates will wear rapidly on accx^unt of its laminated structure. 
Granite jM)ssesses the very important property of splitting in three 
planes at right angles to one another, so that paving blocks may readily 
Ik* forme<i with nearly plane faces and scjuare corners. This property 
is calknl the riff or clravafjf \ 

Sandstones of a close-graintMl, compact nature often give verj' 
satisfactory' results under heavv traffic. Thev arc less hard than 
granite, and wear more rapidly, l)ut do not l)ecomc smooth and slip- 
|)ery. Sandstones are generally known in the market by the name 
of the quarry or place where produce<l as **Medina," *ikTea,'' 
etc. 

Trap rock, while answering well the recjuirements as to durability 
and resistance to wear, is objectionable on acc^omit of its tenchMicy to 
wear sm(M)th and become sHppery; it is also difficult to break into 
regular shapes. 

Limestone has not usuallv been successful in use for the cronstr'ic- 
tion of block pavements, on account of its lack of durability against 
atmospheric influences. The action of frost commonly sj)lits the 
blocks; and traffic shivers them, owing to the lamination l)eing 
vertical. 
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displaced by the introduction of rectangular blocks of granite. Blocks 
of comparatively large dimensions were at first employed. They were 
from 6 to 8 inches in width on the surface, from 10 to 20 inches in 
length, y^ith a depth of 9 inches. They were merely placed in rows 
on the subsoil, perfunctorily rammed, the joints filled with sand, and 
the street thrown open to traffic. The unequal settlement of the 
blocks, the insufficiency of the foothold, and tlie difficulty of cleansing 
the street, led to the gradual development of the latest type of stone- 
block pavement, which consists of narrow^ rectangular blocks of 
granite, properly proportioned, laid on an unyielding and impervious 
foundation, with the joints betw'een the blocks filled with an imper- 
meable cement. 

Experience has proved beyond doul)t that this latter type of 
pavement is the most enduring ai d economical for roadways subjected 
to hea\y and a)nstant traffic. Its advantages are many, while its 
defects are few. 

Advantages. 

(1) Adaptability to all grades. 

(2) Suits all classes of traffic. 

(3) Exceedingly durable. 

(4) Foothold, fair. 

(5) Requires but little repair. 

(0) Yields but little dust or mud. 
(7) Facility for cleansing, fair. 
Defects. 

(1) Tnder certain conditions of the atmosphere, the surface of 
the pavement l)e(!omes greasy and slipperj'. 

(2) The incessant din and clatter occasioned bv the movement 
of traffic is an intoleral)le nuisance; it is claimed by many physicians 
that the noise injuriously affects the nerves and health of persons who 
are obliged to live or do business in the vicinity of streets so paved. 

(3) Horses constantly employed upon it soon suffer from the 
continual jarring produced in their legs and hoofs, and quickly wear 
out. 

(4) The discomfort of persons riding over the pavement is very 
great, because of tlic contimial jolting to which they are subjected. 

(5) If stone.s of an unsuitable (juality are used — for example, 
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those tliat |«jlish— tlie surface quickly l)ecoine3 slippery and excwii- 
ingly unsafe for travel. 

Size and Shape of Blocks. ITie projjer size of bloiks for puvitij; 
purposes Iia.s Vieen a subject of much tli^ussion, an<i a preat variety of 
foniis ami (Hniensions are to lie found in all cities. 

For stability, a certain proportion must exi.sl lietween tlie deptli, 
the length, ami ihe breadth. 'Hie depth must l>e such that when the 
whtel of a loaded vehicle passes over one edge of the upper surface 
of a block, the lilock will not tend to tip up. The resultant direction 
of the pres.sure of the load and adjoining blocks slionld always tenti 
to depress the whole block vertically; where this does not hap|>en. tlie 
maintenance of a iinifomi surface is iin[H)s^bte. To fulfil this re<|uire- 
ment, if is not necessary to make the block more than six inche-s deep. 

Width of Blocks. The maximum width of blocks is controlle*! 
by the size of horses" hoofs. To afford pood fontholii to horses draw- 
injj heavy load.'*, it is nece-s.sary tliat the widtJi of each block, measured 
along the street, shall be tlie least possible con.sistent with stability. 




lit i\\ loid illcnptingto find 
cptionilh wide jomt to pull liii 



[fthe wiiithlvefin it i luirsf dri 

a joint, .slips batk uul iec|mre-, i 

up. It is therefore desir ible that the width of abkxk shall not exceed 

3 inches; or that four blo« L-. t iken at rand tm and placed side by side, 

shall not measure nn)re than 14 inches. 

Length of Blocks. The length, mea-suretl across the street, 
must be sufficient to break joints pro|>erly, for two or more joints in 
line lead to the formation of grooves. For this purp)se the length 
of the block should be not less than 9 inches nor more dian 12 inches. 

Form of Blocks. Tlie blr»cks shoulil be well squared, and must 
not taper in any <lirectioii ; sides and ends .should be free from irr^ilar 
pnijwiions. Blocks that taper fnun the surface downwards (wedge- 
shaped) should n()t be permilled in the work; but if any are allowed, 
they should be set with tlie widest side down. 
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Manner of Laying Blocks- 'ITie blocks shoulil he laid in ]>arallel 
courses, with their longest sitle at riglit angles t»i the axis of the street. 
an<l the longitudinal joints l>roken by a lap of at lea.st two inches fsee 
Flps. 54 and 55). The reason for this is to prevent tlie forinatiim of 
kingitiulinal nits, which wonid hap{>en if the blocks were laid length- 
wise. Ikying blocks obliijtiely an<l "herring-lxme" fashion ha.s been 




FiR. .^^>. 
trie<l in .severjil cities, witli the idea that tlie wear and lurriiationof nits 
woiiUi be re(ini-e<i by having tlie vehicle crii.s.s the bliicks itiagonally. 
The method has failed to give satisfactory' results; the wear was ir- 
regular and tlie f<M>thokl defective; the ilifficulty of ('»>nstnic'tit»n was 
increiLsed by reason <iflal)orre(|nired tofi>rni the triangular joints; and 
tlie method was wasteful of material. 




'ITie gutters should l>e formed by three or more courses of block, 
laiil with their length parallel to llic curb. 

At junctions or intersect ions of streets, the blocks slioiilrl be laid 
diagonally from the center, as .■iliowri in Fig. rAi. 'llic reasons for 



tJiis are: (1) To prevent llie frafTic crossing the intersectinn fnjiu 
follciwint,' tlir lniij;ituiliii;il jiiiiKs iiii'l (hu>! fomiinf.' ^!ep^l'.^f 

^1'; LjiJ ill iL:^ unuiuvi; lilt- bkifki uiXvrd a 
hold for hordes tunung the comas, lie ends of the dugoiiBl Uodcs 
when they abut agunst the struct blodo, must be cut to the re- 
quired bevel. 

Hie blocks forming each coiu'se must be of the aune depth, and 
no deviatbn greater than one-quarter of an indi dunild be pennitted. 
The blodcs ^uM be assorted as thejr are delivend, and only ^lose 
corresponding in depth and width should b? used in the same course. 
Ilie better method would be to gauge the blocks at the qusny. 
lliis would lessen the cost conaderably; it would also avoid the in- 
convenience to the public due to the stopping of travel because of the 
rejection of defective material on the gfound. T^m m^iod woukl 
undoubtedly be preferable to the contractor, ^o would be saved the 
expoise of handling tmsatisfactory material; and it would also leave 
the inspectors tree to pay more attention to the manner in irtiicii the 
work of paving is performed. 

The acctirate gau^ng of the blocks is a matter of mudk import 
tance. Ifgood work is to be executed, the bbckb, when laid, must be 
in parallel and even courses ; and if the blocks be not accurately gauged 
to one uniform size, the result will l>e a liadly paved street, with the 
(■(Mirses ninninj; unevenly. The cost of a.ssorting blocks into lots of 
niufiinii widtli, after <!eliven.' on the street, is far in excess of any aH- 
ilitional price which would have to be paid for accurate gauging at tlie 
«luarTy. 

Foundation. The foundation of the blocks must be solid and 
imyieklinp, A h&\ of hy(lraulicH?enient concrete is the most suitable, 
the thickness of which must he refjulated according to the traffic; the 
thickness, however, should not lie less than 4 inches, and nee<l not l»e 
more than 9 inches. A thickness of 6 inches will sustain traffic of 600 
tons per foot of width. 

Cushion Coat. Between the surface of die concrete and the base 
of the bIock.s, there must be place<l a cushion-coat formed of an incom- 
pressible but mobile material, the particles of which will readily adjust 
tliemselves to the irrefinlarities of the ba.ses of the blocks and transfer 
die pressure of tlie traffic uniformly to the concrete below, A layer 
of dr\', clean sand 1 to 2 inches thick forms an excellent cushion-coat. 
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Its particles must be of such fineness as to pass through a No. 8 screen; 
if coarse and containing pebbles, they will not adapt themselves to the 
irregidarities of the bases of the blocks; hence the blocks will be sup- 
ported at only a few pgints, and unequal settlement will take place when 
the pavement is subjected to the action of traffic. The sanrl must also 
l)e perfectly free from moisture, and artificial heat must be used to dry 
it if necessar}'. This requirement is an absolute necessity. There 
should be no moisture below the blocks when laid ; nor should water 
be alloweil to penetrate below the blocks; if such happens, the effect of 
frost will be to upheave the pavement and crack the concrete. 

^Miere the best is desire<l without regard to cost, a layer half an 
inch thick of asphaltic cement may be substituted for the sand, with 
superior and very satisfactory results. 

Laying Blocks. The blocks should }>e laid stone to stone, so that 
the joint may be of the least possible width ; wide joints cause increased 
wear and noise, and do not increase the foothold. The courses should 
Ije commenced on each side and worked toward the middle; and the 
last stone should fit tightly. 

Ramming. After the blocks have been set, they should be well 
rammed down; and the stones which sink below the general level 
should be taken up and replaced with a deeper stone or brought to 
level by increasing the sand bedding. 

The practice of workmen is invariably to use the ranuner so a.s to 
secure a fair surface. This is not the result intended to be secured, 
but to bring each block to an unyielding bearing. The result of such 
a surfacing process is to produce an unsightly and uneven roadway 
when the pressure of traffic is brought upon it. The rammer used 
should weigh not less than 50 pounds and have a diameter of not less 
than 3 inches. 

Joint Filling. All stone block pavements depend for their water- 
proof qualities upon the character of the joint filling. Joints filled 
with sand and gravel are of course pervious. A grout of lime or cement 
mortar does not make a |>ermanently waterproof joint; it l^ecome-i 
disintegrated under the vibration of traffic. An impcr\'ious joint c*an 
be made only by employing a filling made from bituminous or asphaltic 
material; this renders the pavement more impervious to moisture, 
makes it less noisy, and adds considerably to its strength. 

Bituminous Cement for Joint Filling. Tlie bitunn'nous materials 
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cmplo^ ue; (1) 'llie tar prmliK-eil in the niamifactiire of giui, 
vhich, when redistilled, is called distiUaU, am) is aum\)end 1, 2, 3, 4, 
etc., according to its density; this material under th'e name of paving- 
|>itch b extenavdr used, both atone ami in combiQation with other 
bitumiuotts substances; (2) CoinbinBtions of gas tar ur coal tar with 
IfeRiifd KSphahuin; (3) Klixtiu^ of re&iie^l osphaltum, creosote, and 
Coal tar. 

'Hie fomiula for the bituminous joint filing used in New York 
at>.i3: 

l!-f,l,i-l Tiii,i.1-..t ;,-pli.'i't'im 'J' ['i>rl". 

No. 4 coal-tar distillate .' 100 parts. 

Residuum of petroleum 3 parts. 

In Washington, D. C, coal tar distillate No. 6 is used alone. 
In Europe a bituminous cement much used is composed of coal- 
tar, asphaltum, gas tar, and creosote oil, in the proportion of 100 
pounds of asphaitum to 4 gallons of tar and 1 gallon of creosote. 
These proportions are varied somewhat, according to the quality of the 
asphaltum employed. Tlie mixture is melted, and is boiled ^m 
one to two hours in a suitable boiler, being then poured into the jouits 
in a boiling state. TYaa mixture is impovious to moisture, and pos- 
scs.-ips a il(^rr«> of clastirity sufficient to prevent it from cracking. 

'I'tic iiiimIc of iipiilyi^tfi ihc }>itilminons iviiioiit is ji.s follows : After 
ili«> Mocks nro riininu-<l. llic joints iirc HIUhI to a dcjith of iilMtnt two 
inrlics witli ik-iin jcravcl iicalci to h tempera tiirc i.f al>ont 2')0° F.; 
then tin- hot eeii;otil is [nmreil in until it fnriiis a layer of atxtutone im-h 
on top of the firavel; then more fjravel is lillei! in ti> a depth of al>ont 
lwi> inches; then (Vinent is jxiiired in until it appears on top of tlie 
jrravel, more prave! iwinfj next addeil until it reaches to within half an 
inch of iho top of the blinks; this renuiitiin<; half-inch is filled with 
eenienl. ami then fine firavei or santi is .sprinkled over the joints. 

In .some cii.ses the joints are first filled with heateil jjravel; the 
cement is [nuireil in until the siin<l iH-neatli and the gravel l)etween 
the li!<icks will absorb no umre. and the joints are filial flush with the 
top of the (lavenient. This nu'tiiod is oj>en to objection; for, if the 
gravel is not snUiciently hot. the <-enient will Iw chilleil and will not flow 
to the Itotloin of the joint, but. instead, will form a thin layer near the 
snrface, which nniler the action of frost and the vibration of traffic, 
will l>c quickly cracked and broken up; the gravel will settle, and the 
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UdcIes ■will he jairwl I'-xi.-ie. thv surface of tlic [laveinenl iK'tnniinf: n 
series of ridges and hollons. 

Tbe qmmti^' of cement re(|uired persqnnreyanl iif iiuvoniciit will 
Viryaccording to theshapeof thehWks. tliewullli of tin- joints, jimi 
dife depth of the sand t>e«l. Witli \vell-slia{>c<] Itlocks. <-liiso juinis. hikI 
a half-incb sand her), (he quantity will vary fniin .'U 1 1 .') crjiHoiis; with 
iD-flh^wd bkx'ks, nide joints, and a hea\->' sand Ik<<1, Id In 1:2 gallons 






l>. r,7. 
would not be an excessive amount to iis«- 1" secure tlir n-snlt ul>iaiiu'il 
hy employing Ti'ell-tibagtetl hloiks am! I'lose ji>iiiis. 

Stone Pavement on Steep Oradcs. Stone li!.nks may l-e i-.n- 
pk^red on all practicable {jp-ades; Init on nr!i(lese\<-eeiliii;: I(I|iit ■■enl. 

cobblestones afifonl a lietter f.K>tho!.I than l.loiks. 'I'l l.l.le-iimes 

should be of uniR>rm length, tin.- Iciijrth iM'ing ut leiisl Iwi.-,- ihe lni-adlh 
— say stone)! fi inches long and 2J to '.i inilies in ilimneler. 'I'iiese 
should lie set on a concrete fiinn<latiiin, laid sione li) siunr, aii<l ilie 



interstices filled with irement i^mut or liiinrniiion- n-nH'iii; or ii l>ilu- 
mimwi concrete foundation may ]»■ er]i|ilijycil and the inlrrslin-. Iie- 
tween the stone* filled ttitli asjihaltie paving; i-cment. Should ^t'lm- 
blocks be preferrcfl, they must Ix- laid, when the i;r;ule cm-ii-.U .'i jm-i- 
cent, with a serrutwi surface, hy either of the mcdi.Hl-. shown in l'ij;s. 
57 and .W. The nietho.1 shown in Fi;r. .-.7 .-onsisis in slisrlitly liltin-,' 
the hlo<-k.son their lied sn as to form a .series of li-d;r,.s ,jr sie|is. ji^'ninst 
which the horses' feet l>oinfj pl:Liite<l. a st^iiii- foothold is olilaineil. 
'ITie metlio<l sliowii in Fij;. '(.s (i)ii.sists in jilacinj; lielweci die rows of 





HIGHWAY «)NSTRUf.TI01 



Ntoniss a course of slate, or strips of creoBotexi wowl, rather Ipss tliaii 
one incli in thickness auJ almut an inch less in depth tlinn tlie blocks: 
(ir the blocks may be spaced about one inch aj»art. and the joints fiileil 
with a grout composed of gravel and cement. 'I'he fwbbles of tlie 
fjnive! slmiilil van,' in size between r)ne-*niarter ami three-cjiiarlern of 
an in.-li.- 

BRICK PAVEMENTS 
Characteristics of Brick Suitable for Paving. "Hie.sfiire: 

(1) Not to lie acted npou by acids. 

(2) Not to absorb more than 1-000 of its weijjht nf waler in 
4K hours. 

(3) Not susceptible ti) jjolisli. 

(4) Rough to tlie louHi, resembling fine sandpaper. 

(5) 'i'o ijive u clear, ringinf; sound when struck ti>Ketber. 

f(!) Wlien limken, to show a compart, iniifomi, c-lo.sc-grfiinod, 
slriK-ture, free from air-liolcs and pebbles. 

(7) Not to scale, .ipall, or chip when (piickly struck on the edges. 

(S) Hard imt not brittle. 

Tests of Paving Brick. To a.scertain the quality of paving brick, 
tliey jire generally subjerle"! to four tests, namely: fl) Abru-sion by 
impict (commonly calleii the "Rattler" test); (2) ahsorjjtion; (3) 
transverse or cross-! >reaking; (4) crudnng. With a view to securing 
uniformity in the method.s of making the al)nve tests, the National 
Ibick Manufacturers' Association has adopted and recommends the 
folluwiiifii 

Rattler Test 

1. Drmenswn.v of tlif Macliiiic. The standanl machine shall 
be 2.S indies in diameter .and 2(1 indies in length, measured inside the 
chain Iter. 

( )ther madiines may l)e useil, varying in diameter Isetween 2G and 
■U) inche->, and in length between IS and 24 inches; but if this is done, 
a rcc(ml ()f it must be attached to the official report. Long rattlers 
may be cut up into sections of suitai>le length by the insertion of an 
iron diapliragm at the proper [)oint. 

i' Cimnfructlon of the Machine. Tiie barrel shall lie supporte;l 
on trtinnitms at either end; in no case .shall a shaft pass through the 
rattling chandier. Tlie cross-section of the barrel sliall be a regular 
[lolygon having 14 siiles. The lieiuls shall lie composol of gray east- 
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iron, not chilled or case-har<lene<l. The staves shall preferably be 
compose<l of steel plates, since cast-iron peans and ultimately breaks 
under the wearing action on the inside. There shall be a space of one- 
fourth of an inch between the staves, for tlie escape of dust and small 
pieces of waste. Other machines may be used, having from twelve to 
sixteen staves; but if this is done, a record of it must l)e attached to 
the official rej)ort of the test. 

3. Composition of ihf Charge, All tests must l)e executed on 
charges containing but one make of brick or block at a time. The 
charge shall a)nsist of 9 paving blocks or 12 paving bricks, together 
with 3(K) pounds of shot made of ordinary machinery cast-iron. This 
shot shall be of two sizes, as described below; and the shot charge shall 
l>e compose<l one-fourth (75 pounds) of the larger size, and three- 
fourths (225 jx)unds) of the smaller size. 

4. Size of the Shot, The larger size shall weigh about 7i pounds 
and be alK)ut 2i inches square and 4 V inches long, with sUghtly round- 
e<l t*dges. The smaller size shall be cubes of 1 h inches on a side, with 
rounded edges. The individual shot shall be replaced by new ones 
when they have lost one-tenth of their original weight. 

5. RtmioliUioTUf of ihr Charge. The number of revolutions of a 
standard test shall be 1,S(X); and the spee<l of mtation shall not fall 
l)elow 2S nor exceed 30 revolutions per minute. Hie l)elt-|X)wer shall 
l)e sufficient to rotate the rattler at the same speed, whether charged 
or empty. 

(). Condition of the Charge, The bricks comjx)sing a charge 
shall be thoroughly dried before making the test. 

7. Calculation of the Results, The loss shall l>e calculated in 
j>er cents of the weight of the dry brick composing the charge; and no 
result shall be considered as official unless it is the averasre of two 
distinct and complete tests made on separate charges of brick. 

Absorption Test 

1. The numl)er of bricks for a standard test shall l)e five. 

2. Hie test nuist he conducted on rattle<l brick. If none such 
are available, the whole brick must be broken in halves before treatment. 

3. Dry the bricks for 48 hours at a tem|)erature ranging from 
230° to 250° F. before weighing for the official dry weight. 

4. Soak for 4S hours (completely immersed in pure water. 
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OHWAT coxsTirut?no!r 

■">, After Miakiii);, ami l)efore weij;liing, the bricks must tie wiped 
(In* from surplus water, 

fi. 'llie riiHerence in the weight must be iletermiiied on scales 
sen^ilive tn one gram. 

7. 'Hie inerejise in weij^ht due to water alisorl>e(i shall l>e cn.- 
mliiteci ill per cents of the initial dry wciglit. 
Cross-Breaking Test 

1. Support the l>rick on edge, or as laid in the pavement, on 
iiardeiwl s\vi:\ kiiife-«>lfres, rotiniled lon];iludinally to a radius of 
twelve inches and transversely to a raihiis of one-eighth inch, and 
boltnl in position so as to secure a span of six indies. 

2. Api)I.V the load to the middle of the top furc thn>UKli a hard- 
«ied steel knife-edge, straight longitudinally and roundefl transversely 
to K radius of one-sixteentli inch. 

3. Apply tlie load at a uniform rate of inrrea^e till fracture 
ensue?!. 

-). 



Apply tlie load at a 
Ciitiijuite the 



luhn of rupture l>v the formula 

' 2luP 
in which / - mciduhis of rupture, m pounds [x-r .^(iiinre inch; 
ic - totn) breaking load, in pounds; 
/ - length of span, in inches -5; 
li - breadth of l»rick, in inches- 
d - deptli of brick, in inches. 
5. Samples for test must l>e free fnim all visible irregularities of 
surface or deformities of sliape, and their upper an<l lower faces must 
be practically parallel. 

fl. Not less than ten brick shall be broken, and the average of all 
shall be taken for a standard test. 

Crushing Test 

1. The <ru3hing test .should be made on half-bricks, loaded 
edgewise, or as they are laid in the street. If the machine used is 
unable to crush a full half-brick, the area may b« reduced by chipping 
off, keeping the form of the piece to I)e tested as nearly prismatic as 
possible. A machine of at least lOO.OtK) pimnds' capacity should be 
u.se<l; and the specimen should not be reilucefl below four stiuare 
inches of area in cniss-sectioii at right angles to direction of load. 

2. 'riie upper and lower surfaces should preferably be ground to 
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true and parallel planes. If this is not done, they shonhl l)e hedded, 
while in the testing machine, in plaster of Paris, which should l>e 
allowed to harden ten minutes under weight of tlie crushing planes 
only^ before the load is applied. 

3. The load sliould l)e appUetl at a unifonn rate of increase to 
the point of rupture. 

4. Not less than an average obtained from five tests on five 
different bricks shall constitute a standard test. 

Properties of Paving Bricks. Paving bricks range in weight 
from 51 to TJ pounds; in specific gravity, from 1.01 to 2.70; in resist- 
ance to crushing, from 7,0(X) to 1S,(X)() |K)unds |H*r .scjuare inch; jn 
resistance to cross-breaking, R - 1 ,4(K) to 2,(K)() |)ounds ; in absorption, 
from 0.15 to 3 per cent ui 24 hours. The dimensions vary jiccording to 
loc*idity and the rec|uirements of the specifications, llic "standanT* 
bricks are 2\ X 4 X «^ inches, recpiiring iVS bricks to the s(juare yard, 
and weigliing 7 pounds each;**reprcsse<r*,2j X 4 XSl inches, re(iuir- 
ing 01 to tlie .square yard, and weighing (ii jxumds each; **Metro|)oli- 
tan", 3X4X9 inches, requiring 45 to the square yard, an<l weighing 
9^ pounds each. 

Advantages of Brick Pavements. These may be statnl as follows: 

(1) Ease of traction. 

(2) (ickhI foothokl for horses. 

(3) Not disagreeably noisy. 

(4) Yiekis but little dust and nmd. 

(5) Adapted to all grades. 
(C}) Easily repaire<l. 

(7) Easily cleane<l. 

(8) But slightly absorlKMit. 

(9) Pleasing to the eye. 

(10) Exj>e<litiously laid. 

(11) Durable under moderate traffic. 

Defects of Brick Pavements. The principal defects of brick 
pavements arise fnmi lack of uniformity in the (juality of the bricks, 
and from tlie liability of incorj)orating in the pavement bricks of t<M) 
soft or porous a stnicture, which crumbles under the action of trailic 
or frost. 

Foundation. A brick pavement shouKl have a firm foundation. 
As the surface is made up of small, indejKMHlent blocks, each one nnast 
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(lownwiircis iind auisc iiiipvemie.ss, a oonditinn which wndiwc* ti> llic 
riipiil lU-slrurtioii of the puvpincnt. Stricnil fonna of fniin<lalion have 
tippn iispfl -such ti» ^iivel, plank, sand, broken stone, and roncrete. 
'Hk' hwl iiicntionpd is doubtless the l)est, 

Sflnd Cushion. The sand nishion is a layer of Hand placed on 
top of till' dHinvip to furm u hv<\ for the brirk. Pr«<'ti(r rfganling 
the depth of this Itijor of sand varies oonsideTahlt, In some cases it 
is nidv htdf an inch deep, vurvinp from tliis up tn three inches. Tlic 
siuid iMi^Iiion is very dcsiralile, ils it not mily forms a perfectly true and 
i-vcii turfncc uiMin which to place brick. Imt also makes the pavement 
Ic-is liHii! imd rijrid than wouhl Ik- the caw were the brick laid directly 
iin the iiuicrcte. 

'I'he snni) is spread evenly, sprinkled with water, smix>thed, and 
lironjfht to till' priiiHT contonr by screeds or wowlen templets, priiperly 
trusseil, Hionnteil on wheels or shoes which l)«ir ii[)on the upper sur- 
face of the curl). Movinjt the templet forward levels and forms the 
wiiiil to a uniform surface and projKT shajte. 

The (sand us«?d for the eusluon-coat sliould be clean and free from 
lo«i!i, nnHlenvtely ronrw. and free fn)m jK'bbies exceeding mie-iiuarter 

Manner of Laying. The bricks should l>e Iniil on etljre, :is closely 
and i-onipactly iis |M>ssible. in siraifrht courses across the street, with 
Ihc Icrifr'h of llio bricks at rij;ht auntcs to the axis of the street. Joints 
should Im- broken by at least :i inches. None but whole brickx should 
Im- iisiil. ^'\l■^'^^\ m startintf a ciuirsc or nuikin}; a closure. To pn»vide 
for tlic c\piuision of the ])aveinent, lM>th lonjritudinal and transverse 
c\pau>;ioTi-joinls art' u,s«il, the former !)einp made by placing a boani 
leinplct ,scvou-eig!»ths of an inch thick iijjainst the curb and abutting 
the biick thereto. The transverse joints are forme<l at intervals 
vtuyinj; In'tween ll."i and ."ill feet, by placing a templet or building-lath 
dir(i'-<'ighths iif au inch thick l>etween two or three rows of brick. 
.\flcr (lie bricks are rammed and ready for grouting, tliese templets are 
removed, and the spa<vs sii left are fille<i widi coal-tar pitch or asphal- 
tic paving crment. The amount of pitch or cement retjuired will varv" 
betwivn one and one and a-half |M>unils i>er sfpiare van! of pavement. 
de|K-uding u|>on the width of the joints. After 2,'> or .30 feet of the 
|Mi\emeiit is laid, c\cry part of it shouki l>e rammed with a rammer 
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weiRhiiit; lint le;istliaii5l) pounds; and thebrick<i which sink below the 
general level slionld l»e removed, sufficient sand being added to raise 
the brick to the required level. After all objectionable brick have 
been removed, tlie surface should l>e swept clean, then rolled with a 
steam roller weighing from 3 to 6 tons. The object of rolling is to 
bring the bricks to an unyielding l>eaung with a plane surface; if this 
is not done, the pavement will lie ro\igh und noisy and will lack dura- 




bility, 'llie rolling shoulii be first e.\ccuted kngitudinally, beginning 
at tl;c crown and working toward the gutter, taking care that each 
retnrn trip of the roller co\ers exactlj' the same area as the preceding 
trip, so that the second pa.s.sage may neutnilize any careening of the 
brick due to the first passage. 

The manner of laying brick at street mtersections is shown in 
Fig. 59. 
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Joint RlliI^(. The character of the mat^ial used in fiUing the 
joints between the brick has considerable influrace on the socoess and 
durability of the pavement. Various materiak have been used — sudi 
as sandy coal-tar pitch, asphalt, mixtures of coal-tar and asphalt, and 
Portland cement, besides various patented fillers, as "Murphy's 
grout'', whidi is made from ground slag and cement Each material 
has its advocates, and thare b much difiteraioe of <^»nion as to wfaidi 
gives the best results. 

Hie best results seem to be obtained by uang a h^ grade of 
Portland cement containing the smallest amount of lime in its composi^ 
tion, the presence of the lime increasing the tendency of the filler to 
swell throu^ absorption of moisture, causing the pavement to rise 
or to be lifted away from its foundation, and thus producing the roaring 
or rumbling noise so frequently compUuned of. 

The Portland cement grout, when uniformly mixed and carefully 
placed, resists the impact of traffic and wears well witfi brick. When a 
failure occurs, rq>airs can be made quickly; and, if made early, the 
pavement will be restored to a good condition. If, however, repairs 
are neglected, the brick soon loosens and the pavement fiuls. 

Hie office of a filler is to prevent water from reaching the founda- 
tion, and to protect the edges of the brick from spalling under traffic. 
In order to meet lx)th of these requirements, every joint must be filled 
to tlie top, and must remain so, wearing down with the brick. Sand 
does not meet thcvse requirements. Although at first making a good 
filler, l^eing inexpensive and reducing the liability of the pavement to 
he noisy, it soon washes out, leaving tlie edges of the brick unprotected 
and consequently liable to be chipped. Coal-tar and the mixtures of 
coal-tar and asphalt have an advantage in rendering a pavement less 
noisy and in cementing together any breaks that may occur through 
upheavals from frost or other causes; hut, unless made very hard, tliey 
have the disadvantage of becoming soft in hot weatlier and flowing 
to tlie gutters and low places in the pavement, there forming a black 
and unsightly scale and leaving the high parts unprotected. The 
joints, tlius deprived of their filling, become receptacles for water, mud, 
and ice in turn; and the edges of the brick are quickly broken down. 
Some of these mixtures become so brittle in winter that they crack 
and fly out of the joints under the action of traffic. 

The Portland cement filler is prepared by mixing two parts of 
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cement and one part of finp sand witli sufficient water to make a thin 
(frtmL The most convenient arrangement for preparing and dis- 
tributing Uie grout is a water-tiglit wooden \mx carrie<I un four wowlen 
wheels about 12 inches in diameter. The box may Iw about 4 feet 
wide, 7 feet lung, and 12 inches deep, furnished with a gate about S 
inches wide, in the rear end. The l>ox shnulil i>e mounted on the 
wheels with an inclination, so that the rear end is about 4 inches lower 
than tlie front end. 

Tlie o])eration of placing the tiller is as follows : The ccnient anil 
sand are place^l in tlie box, and sufficient water Ls aildetl to make a 
tliin grout. The Ikjx ls located alx>ut 12 feet from the gutter, the end 
gate opene<l, and al»ut 2 cubic feet of the grout allowed to flow out 
oiul nm over the top of the brick (care lieing taken to stir the gnmt 
while it is l>eing discharged). If the hrick are very dry, tlie entire 
surface of tlie ]>avement should Ix: thoroughly wet with a hose liefore 
applying the gr(»nt; if not, aljsorption of the water from the gront by 
the bricks will present adhesion between the bricks an<i the cement 
grcut. The grout is swept into the joints by ordinary bass brooms- 
After alx>ut HH) feet in length of the pavement has been covered the 
bo.x is returneil to tlie starting-point, am! the operation is repeated 
with a grout somewhat lliicker than the first. If this seconrl applica- 
tion is not sufficient to fill the joints, the operation is repeateil as often 
as may be necessary to fill them. If the gn)Ut has l>een made too thin, 
or the grade of the street is so great that the gn>ut will not remain long 
enough in place to set, dry cement may be sprinkled over the joints and 
swept in. After the joints are completely filled anil inspected, allowing 
three or four hours to intervene, the completed pavement shouki be 
covered with sjind to a <lepth of almut half an inch, and the roadway 
barricaded, and no traffic allowed on it for at least ten days. 

The object tif covering the pavement with sand is to prevent the 
g:-out fnim drying or settling too rapidly; hence, hi dry and windy 
weather, it should be sprinkled from time to time. If coarse sand is 
employed in the grout, it will separate from the cement during tlie 
operation of filling tlie joints, with the result that many joints will be 
filled with sami and very little cement, while others will be filled with 
cement and little or no sand ; thus there will l>e many spots in the pave- 
ment in which no bond is foimed l)etwecn the bricks, and under the 
action of traffic these portions will (]uickly becimie defeclive. 
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'Hit Cf)itl-t«r filler is }«wf applieJ by [Mjuring tlie material from 
liilcket^, ami brooming it into tlie joints willi wire bnx»nis. In order to 
fill tlie joints effectimlly, it must l)e used nnly when very hot. To 
serure this condition, a beating tank tm wheels is neceiwar;-, It sboiild 
have n rnpaeity of ut least five l»arrels, and l>e kept at u uniform tem- 
perature all day. (Ine man is neoessarj- to feeil the fire and draw the 
material into tJie buckets; another, ts carry tlie buckets from the lieiit- 
inp-(ank to a tliird, who pours tlie materia! over t!ie street. 'I'lie latter 
sta'ts to pour in the renter of the street, working backward toward the 
curb, and p>uring a strip alx)nt two feet in width. A fourtli man, 
with a wire broom, follows immediately after him, sweeping the sur- 
plus material toward the pmrer and in tlie direction of tiie curb. This 
niethoi] lea\es the entire surface of the pavement covered witJi a thin 
coating of pilcli. which shoukl immediately be covered witli a light 
coating of sand ; tlie sand becomes imbedde«l in the pitch. I'niier the 
ailion of traffic, this thin coating is (juickly worn away, leaving tlie 
surface of the bricks clean and smooth. 

Tools Employed in Construction of Block Pavements. The 
principal toitis re<|itiretl in constructing bkick pavements aimprisc 
hamnurs and rammers of varying' sines and shapes, depciifiing on the 
material and size of the blocks to l»e laid ; also crou.'bars, sand screens, 
and rattan and wire hrootns. Cobblestones, scjuare blocks, and brick 
retpiire different types of boUi hammers and rammers for adjusting 
them to place and forcing them to their seat. A cobblestone rammer, 
for example, is usually made of wood (generally locust) in the shape of 
a king trnnc-nted «me, bande<l with iron at lop and Ijottoni, weighing 
abtiut 40 jxninds, and having two handles, one at the top and anotJier 
on one side. A Belgian block rammer is slightly heavier, consisting 
of an upper part of wood set in a steel base; white a rammer for granite 
blocks is still heavier, comprising an iron base with cast-sfeel face, into 
which is set a locust plug with hickory handles. For laying brick, a 
wooden rammer shod with cast iron or steel and weighing about 27 
pounds is usetl. .\ light rammer of al>out 20 [xiimds' weight, consist- 
ing of a metallic base attached to a long, slim wooden handle. Is u.seil 
for miscellaneous work, such as tamping in trenches, next to curbs, etc. 

Concrete-Mixing Machine, \\1iere large quantities of contrete 
are required, as in the foundations of improved pavements, concrete 
can be preparetl more expeditioiisly and eet)nomically by the use of 
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mechanical mixers, ami tlie iiiRredieiits will \k mure tl»m>uglily iiiixctl. 
thiui hy liaiid. Thiiniii^'h iiinirjKirtition of t!ie iiigrtilients i.s uii cusseii- 
tial element in tJie c|uality of a (.■oncretc. Wien niistii by hand, how- 
ever, the !ncorp<)ration is mrely tfiniiilete. liet-iiuse it ilenends iijKin tlic 
proper manipulation of the hoe and sliovel. The niiuii|iiilation. 
although extremely simple, is rarely perfonne'l hy the urdinarj' laliorer 
unlf.ss he is constantly watched by the overseer. 

Several varieties of concrete-mL\ing machines are in tlic market. 
A convenient portahle type is illustrated in Fi^'. 60. The capacity of 




the mixers ranges from live to twenty cuhic yards ]wt iioiir, dci>eiiiiiiiy 
ujxtn si/.e, regularity willi which the materials are aiipphel, si)ce<l, etc. 

Gravel Heaters. I'iff. lil illustrates a device commonly employe*! 
for heating the gravel useil for joint fithng in sttme-block pavement.s. 
ITiese heaters are made in various sizes, u cnmnion size being 9 feet 
long, 5 feet wide, and 3 feet U inches high. 

Melting Furnaces, for heating the pitch <ir tar for joint Idling, are 
iilustrateti by Fig. f>2. \'arious sine-s are on the market. 
WOOD PAVEMENTS 
_ W{M)(I j>avements are formed of either rectangular or cylindrical 
blocks of wood. 'ITie rectangular blocks are generally 3 inches wi'' 
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9 inches long, and G inches (iecj); llie round blocks are iwmmonly (t 
inehe.s in diumetcr and incites long. 

The kinds of wood most commonly useil are c«Iar, fj-press, jimi- 
[jtT, vi'lliiw pine, and mesquite; and recently jarrah from AnstmliH, 
and pijinijadi) from India, have l>een used. 

'I'he wood is used in its natural condition, or imprqjnateii witli 
creosote or otlier chemical preservative. 

'ITie Mocks of wo«k1 arc lai<i eitlier on the nutiirHl soil, on « lieiJ 
of sand and gravel, on a layer of broken stone, on a layer of concrete, 




I'itr. OS. Mi'ltLug l''uruace. 
or, sometimes, on a double layer of plank. The joints are filled either 
with sand, paving-pitcli, or Portland-cement grout. 

Advantages. The advantages of wood pavement may be stated 
as follows: 

(1) It atfonls g(KMJ foothold for horses. 

(2) It offers less resistance to traction than stone, and slightly 
more than asphalt. 

(■}) It suits all classes of traffic. 

(4) It may l>e nse<l on grades up to five per cent. 

(.')) It is mo<icrafely durable. 

(6) It yields no nmd wlien laid upon an impervious foundation. 

(7) It yields but little dust. 
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cess, all nioistiire :iluil]lil Iw dried out nf the pores of tlie timlter. TKe 
ajfter wikhIs, wliile warm from the drying-house, may he immersol at 
once in an ojien tank containing hot creosote oil, wlien tliey will absorb 
about S or 9 pounds per cubic foot. For hardwoods, and woods which 
are required to alisorb more than 8 or 9 pounds of creosote i>er cubic 
foot, the timWr should he placed in an iron cylinder witli closeit ends, 
and the creosote, which should be heated to a temperature of alxjiit 
120° F., forced in with a pressure of 170 pounds to the square inch. 
The heat must lie kept np until the proce.ss is (.-ompletc. to prevent the 
cre<isote from crvstallizing in the jKires of tlie wood. By this means 
the .softer woods will easily alisorb from 10 to 12pnunilsof oil percubir 
foot. 

The most effective method, however, is to exliaiist tlit- air from tin. 
cylinder after the timber is inserted ; then to allow tlie oil to How in ; and 
when the cylinder is full, to use a force pump with a pres.si:re of 150 to 
200 pounds per .square inch, until the wood has ahsorheil tlie rer]uisite 
quantity of oil, as iniiicated hy a gauge, whiih should W filteil to the 
reservoir tank. 

The oil is usually heated by coils of pipe pla<«il in the reservoir, 
through which a current of sleam is passed. 

Tlie quantity of creosote oil recommended to be forced into the 
wood is from S to 12 pounds per cuitic f<K)t. Into oak and other hanl 
woods it is difficult to force, even with the greatest pressure, more than 
2 or 3 pounds of oil. 

The advanfagesof this process are: The chemical ctmstiluents of 
the oil preserve the fibers of the wood hy coagulating the allmmen of 
the sap ; the fatty matters act mechanically by filling the pores and thus 
exclude water; while the carlxilic acid contained in the oil is a powerful 
disinfectant. 

The life of the wood is extended hy any of the alwve processes, hy 
preserving it fmm decay ; but such jjroc-esses have little or no effect on 
the wear of the blocks under traffic, 

'Hie process of dipping the blocks in coal tar or cr«osote oil is 
injurious. Besides affording a cover for the use of <iefective or sappy 
wood, it hastens decay, especially of green wood ; it closes up the ex- 
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terior of tlic cells of the wikkI so that moisture caiiiiot es( ajie, thus 
causing fermentation to take plac-e in the interior of the blot:k, which 
<)iiickly destroys tlie strength of the fil)ers and redut-es them to punk. 

Expansion of Blocks. Wood blocks expand on ex|>(isiire to 
moisture; and, when tliey are lai<l end to end across tlie street, the 
curbstones are hahle to be displaced, or the courses of tlie blocks will 
be bent into reserve curves. To iivoid this, the joints of the courses 
near the curb may be left open until expansion has cease<l, the space 
being temporarily filled with sand. The rate of expansion b alx)ut 
1 inch in 8 feet, but "aries for different woods. The time required for 
the wood to become fully expande<l varies from 12 to 18 months, Ry 
employing blocks impregnated with the oil of creosote, this tn>nble will 
be avoided. Itlocks so treated <lo not contract or expan<l to any appre- 
ciable extent. 

'ITie comparative expansion of creosote<l and plain wood blocks 
after immersion in water for forty-eight hours, in percentage on orig- 
inal dimensions, was: 

Expansion of Wood Paving Blocks 



Manner of Laying. The Mocks are set with the fiber \erlical, 
and the long dimension crosswise of the street, the longitudinal joints 
being bniken by a lap of at least one-tliir<l the leii;,'lh t>t the block; tlie 



blocks should he laid so as to have the least possible width of joint. 
Wide joints hasten the destruction of the wofxl bv permitting the fibers 
to wear under traffic, which also can.ses the surface of the pavement 
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b) wear in small ritlges. ITie tnost recent jiractice for laying blocks 
on 3 per cent prades, lias been to reTimve fnun tlie top of one side of 
each block a strip { iiich thirk and I A Inch&i deep, extending the length 
of the block. When the blocks arc laid and driven closely together, 
there is a (juarter-inch opening or joint exten<ling clear across the street 
in each course. 'Hicse Joints arc (illeil with Portland cement grout. 
Fig. 03 shows a .section of [lavenieiit having this form of joint. 

Filling for Joints. 'Hte \>est niateriaL-s for filling the joints are 
bitumen for the lower two or three inches, and hydraulic cement grout 
for tlie remainder ut the depth. The conicnt grout protwts the pitch 
fmm the action of the .sun, and dues not wear down very much Iwlow 
the surfiit'c of the wood. 

ASPHALT PAVaMENTS. 

Asphalfic leaving Materials. All a'^phaltic or liituiniii'ius |>ave- 
nieiiLs are coniposeil of two essential parts — namely, the cementing; 
material ("latrix) and the resisting material {ngijTvtjiUr), Each lia.s a 
distinct function to perform; the first furmslies and preserves the co- 
herency of the muss: tlic second resists the wear of traffic. 

Two cla.>tses of asphaltic paving compounds are in use, — namely. 
natural and artificial. The "natural" variety is composed of either 
limestone or sandstone naturally cciiiciitci! wilii biiumen. To tliis 
class belong the bituminous limestones of Eurojie, Texas, Utah, etc., 
and tlie bituminous sandstones of California, Kentucky, Texas, Indian 
Territory, etc. The "artificial" consists of mixtures of asphaltic 
cement with sand and stone dust. To tins class belong the pavements 
made from 'IVinidad, liermudez, Cuban, and similar asphaltums. 
For the artificial variety, most hard bitumens are, when properly 
prepared, eiiually suitable. For the aggregate, the most suitable mate- 
rials are stone-dust from the harder rocks, such as granite, trap, etc., 
and sharp angular sand. These materials should be entirely free from 
loam and vegetable impurities. The strength and enduring qualities 
of the mixture will depend upon the quality, strength, and proportion 
of each ingredient, as well as u{K>n the cohesion of the matrix and its 
adhesion to the aggregate. 

Bituminous limestone ('()nsi.sts of carbonate of lime naturally 
cemented willi bitumen in proportions varying from SO to !)3 per cent 
of ciirlmiiate of lime and from 7 to 20 per i-ent of bitumen. Its color, 
when freshly broken, is a dark (almost black) chocolate brown, the 
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BiUiuiuMK EmsAnoF is loand in snoal parts of tfar I'nited 
h f****— Tvo ol dtor drposb air al pnsntt b«ic^ wrknl— <>nc in 
Tiiiii.tlii iiiihiiil fiiiiii ■liiili ii I iynl"liiliiii iiliiiii" iinliiiii iiii ihi 
Wasatdi Indian Re^msioa. llwae dqwe ils ctnlain Frum ID to 30 
per rent of bttmnnt. 

Ilw bhiumnoas linMstonn wlikli coatain abaut 10 per cmt of 
bibniMn are ased for paring in thtir natural conditiini. bniig simpiv 
tedooed lb powder, heated until tboniugtUr softeoni. then spmul »-iule 
but Bpoo ibe fbondation. and tamped and ramtDed until roropacled. 

BibnniMMi sutistoitca are couipused i>f ^and^tiine rock impr^- 
nated with bitumen in amounts x-anHn^ frum a trare lo 7U per cent. 
They are fi»und in botli Europe and America. In Europe, they are 
duel)}' used for die produclion of pure Iwtumen, which is extracted by 
boiling or macerating them with water. In the Inited States, ext«i- 
9i\'e deposits are found in tlie Western States; and since ISSOtlievhave 
been gradually coming into use as a pa^'ing material, so tliat now up- 
wants of 150 miles of streets in Western cities are paved wit!) tliem. 
"ITiey are prepared for use as paving material by crushing to powder, 
which is heated lo about i'jO" F. or until it tiecomes plastic, then spread 
upon the street and compressed by rolling; airaetimes sand or gravel 
js added, and it is statetl tluit a mixture of alxiut 80 per cent of gravel 
makes a durable pavement. 

Trinidad Asphaltum. Tlie deposits of asplialtuni in tlie islam! 
of Trinidad, W. I., jiave l)een die main source of supply for Uie lusphal- 
tum used in street paiiiig in the I'liiteil States. Three kiniis niv found 
there, which have been named, according to the sourt-r, Inki-pHrh, 




laruluT ovrrflwv pilch, ami irim p-itt-li. 'llie first and most valuable 
kind la obtained from the so-('alle<l Pitch Lake. 

The term land or overflow pitch is apph'ed to the deposits of 
a.iphaltimi found outside the lake. ITiese deposits form extensive 
ht^Is of variable thickness, and are covered with fnun a few to several 
feet of eartlt ; they are considered by some aiitliorities to be formed from 
pitth wliicli has ivverfUiwed fri>in the lake; by others to lie of entirely 
different origin. Hie name cheese pitch is given to such portions of the 
land pitch as niiire netirly resemble that obtained from the lake. 

The term iron pitch \% used to designate large and isolated masses 
of extremely hard asphaltum foimd l)oth within and without the lx>i- 
ders of the lake. It is sup|X)sed to have l)een formed by the action of 
heat cau.sed by forest fires, which, sweeping over the softer pitch, re- 
moved \\a more volatile constituents. 

The name fpiirfe is given to asphaltum refined on the island of 
Tiiniflad. 'ITie pntcess is conducted in a very crude manner, in large, 
open, cust-iron sugar boilers- 

The characteristics of crude Trinidad asphaltum, both lahc and 
laiui, are as follows: It is composed of bitumen mixed with fine sand, 
clay, and vegetable matter. lt.s specific gravity varies according to the 
ini])uritifs present, hot is usually about 1.28. Its color, when fieshiy 
excuvj'ted, is a brown, which changes to black on exjxfsure to the at- 
mosphere. WJicn fi-eshly broken, it emits the usual bituminous o<lor' 
It is [lorous, cimtaining ga.s cavities, and in consistency resembles 
chee.se. If left long enough in the sun, the surface will .soften and melt, 
and will finally flow into a more or less compact ma.s.s. 

RefineJ Trinidad Asphaltum. The crude asphaltum is refined 
or purified by lueltiufr it in iron kettles or stills by the application of 
indirect heat. 

The o]>eration of refining proceeds as follows: During the heat- 
ing, the wate;- and lighter oils are evaporated; the asphaltum is litjue- 
fied; the vegetable matter rises to tlie surface, and is .skimme«l off; the 
eartliy and siliceous matters settle to the bottom; and the liquid asphal- 
tum is drawn off into old cement ()r flour barrels. 

Wlien the asphaltum is refinetl without agitation, the residue 
remaiuin;; in the still forms a eon.siderahle percentage of the crude 
material, frefjuendy amounting to 12 per cent; and it was at one time 
considered tliat the greater tlie amount of this residue the better the 
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quality of tlie refined asphaltuni. Since agitation has I>een adopted, 
however, the greater |>art of the earthy and siHceous matters is retained 
in suspension; and it has come to be considered just as desirable for 
a part of the surface mixture as the sand which is subsequently added. 
The refined asphalt urn, if for local use, is generally converted into 
cement in the same still in which it was refined. 

The average composition of both the land and lake varieties is 
shown by the following analyses: 

Average Composition of Trinidad Aspiialtum 
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The characteristics of refined Trinidad asphaltum are as follows: 
The color is l)lack, with a homogeneous ap|>earance. At a tempera- 
ture of al)out 70*^ F., it is verv brittle, and l)reaks with a conchoidal 
fracture. It burns with a yellowish-white flame, and in burning emits 
an empyreumatic odor, and possesses little cem?ntitious quality. To 
give it the ref|uire<l plasticity and tenacity, it is mi.xed while li(|uid with 
from 10 to 21 jx)un(ls of residuum oil to 100 pounds of asphaltum. 

The product resuhing from the combination is called asphalt 
paving-cemrnf. Its consistency should be such that, at a temperature 
of from 70*^ to S0° F., it can he easily indented with the fingers, and on 
slight warming be drawn out in strings or threads. 

Artificial Asphalt Pavements. The pavements made from Trini- 
dad, Bermudez, California, and similar asphaltums, are composed of 
mechanical mixtures of asphaltic cement, sand, and stone-dust. 

Tlie sand should be equal in quality to that used for hydraulic 
cement mortar; it must l)e entirely free from clay, loam, and vegetable 



a77 



110 BrGH 

impurities; its p-ains sliould be angular and range from coarse to fine. 

The stone-(lust is used to aid in filling the voids in tlie sand and 
thus reduce the amount of cement. The amount used varies with the 
coarseness uf the sand and tlie quality of the cement, and ranges fruni 
5 to 15 per cent. (The voids in sand vary from .3 to .5 per cent.) 

As to the quality of the stone-<lust, that from any ilurable stone is 
equally suitable. Limestone-dust was originally used, and has never 
been entirely discarded. 

The paving composition is prepared by heating tlie mlxet] sand 
and stone-dust and the asphalt cement seoarately to a temperature of 
alKitit 300° F. The heatej! ingredients are measured into a pug-Tiill 
antl thoroughly incorporated. When this is accomplished, the mit- 
ture is ready for use. It is hauled to the street and spread with imii 
Tdkes to such depth as will give the reqinreil thickness when cumpiu-teil 
(the finished thickness varies Iwtween IJ and 2^ inches). The re- 
duction of tliickne.'is by compression is generally about 40 per cent. 

The mixture is sometimes laid in two layers. The first is called 
the binder or cushion^oat ; it contains from 2 to 5 per cent more cement 
than the surface-coat; its thickness is usually A inch. The object of the 
binder course is to unite tlie surface mixture with the foundation, which 
it doe,s through the larger jiercentage of ce:nent that it contains, which, 
if put in the surface mixture, would render it too soft. 

The paving composition is compressed by means of rollers aod 
tamping irons, tlie latter being heated in a fire contained in an iron 
basket mounted on wheels. These irons are used for tamping audi 
portions as are inaccessible ti> the roller— namely, gutters, around man- 
Inle head.s, etc. 

Two rollers are sometimes employed; one, weighing 5 to 6 tons 
and of narrow tread, is used to give the first compression; and the 
other, weighing about 10 tons an<l of broad tread, is used for finishing. 
'I'he amount of rolling varies; the average is about 1 hour per 1,000 
square yards of surface. After the primary compression, natural 
hydraulic or any impalpable mineral matter is sprinkled over the sur- 
face, to prevent the adhesion of the material to the roller and to give 
the surface a more pleasing api>earance. When the asphalt is laid 
up to the curb, the surface of the portion forming the gutter is painted 
with a coat of hot cement. 

Although asphaltum is a ba<l conductor of heat, and the cement 



HIGHWAY a^NSTRUCTTON 111 



retains its plasticity for several hours, occasions may and do arise 
through which the composition before it is spread has cooled; its con- 
dition when this happens is analogous to hydraulic cement which has 
taken a "set," and the same rules which apply to hydraulic cement in 
this ondition shoukl be respected in regard to asphaltic cement. 

The proportions of the ingredients in the paving mixture are not 
constant, but vary with the climate of the place where the pavement 
is to be usefl, the character of the sand, and the amount and character 
of the traffic that will use the pavement. The range in the proportion 
is as follows: 

Formula for Asphaltic Paving Mixture 

Asphalt comont 1 2 to 15 per cent. 

Sand 70 to 83 " *' 

StcHKwlust 5 to 15 " ** 

A cubic yard of tho prepared material \V( i^hs about 4,500 pounds, and 

will lay the following amount of wearing-surface: 

2J inches thick 12 square yards. 

2 " '* 18 " *' 

IJ " " 27 '* " 

One ton of refined asphaltum makes about 2,300 pounds of asphalt 

cement, equal to about 3.4 cubic yards of surface material. 

Foundation. A solid, unyielding foundation is indispensable 
witli all asphaltic pavements, because asphalt of it.self has no power of 
offering resistance to the action of traffic, consequently it is nearly 
always placed upc^n a bed of hydraulic cement concrete. The concrete 
mu.st l>e thoroughly set and its surface dry before the asphalt is laid 
upon it; if not, the water will l)e sucked up and converted into steam, 
with the result that coherence of the asphaltic mixture is prevented, 
and, although its surface may \ye smooth, the mass is really honey- 
combed, so that as soon as the pavement is subjected to the action of 
traffic, the voids or fissures formed by the steam appear on the surface, 
and the whole pavement is (juickly broken up. 

Advantages of Asphalt Pavement. 'Iliese may be summed up 
as follows: 

(1) .Ease of traction. 

(2) . It is comparatively noiseless under traffic. 

(3) It is impervious. 

(4) It is easily cleansed. 

(5) It produces neither mud nor dust. 

(6) It is pleasing to the eye. 
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(7) It suits iiU clai 
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(8) There is neither vibration nor concussion in traveling over it. 

(9) It is f;xi>eiliti(nisly laid, lliereliy causing little incenveniencc 
to traffip. 

(10) Openings tn fi'iin wvo-ifi In nmliTgniund [)i])es are easily 
made. 

(11) It is rhirable. 

(12) It is easily repaired. 

Defects of Asphalt Pavement. Tiiese arc as fallows: 

(1) It is slippery under certain conditions of the atmosphere. 
The .\merioiin asphalts are innch less so than the European, onaccmint 
of their granular texture derived from the sand. The ditTerence is 
very uiiticeal»le;the Kuroj>ean are as smooth as glass, while the Ameri- 
can resemble fine .sandpajier. 

(2) It will not stand constant moisture, and will disinfcj;ratt if 
excessively sprinkled. 

(3) Under extreme heat it is liable to Income so soft that it will 
poll or creep under traffii"- and present a wavy surface; and under ex- 
treme cold tiiere is danger that the surface will crack and tjecwne 
friable. 

(4) It is not a'Japted to grades steeper than 2' per cent, althniigh 
it is in use on grades up to 7,30 per cent. 

(5) Repairs must ]>e (]iiickly ma<le, for the material has little 
coherence, and if, from irregular settlement of foundation or local vio- 
lence, a break occurs, the passing wheek rapidly shear off the sides of 
the hole, and it soon assumes formidable dimensions. 

The strewing of sand upon asphalt renders it le.s.s shppery; but in 
addition to the interference of the traffic while this is l>eing done, tliere 
are fiirther objections — namely, the ]M)ssiblc injury by tlie sand cutting 
into the asphalt, the ex])cnse of laltor and materials, and the mud 
formed, which has afterwanfs to be removed. 

Althoufjh pure asphaltum is absolutely impervious and insoluble 
in either fresh or .salt water, yet asphalt pavements in the continued 
presence of water are quickly <lisintegratc<I. Ordinary rain or daily 
sprinkling does not injure them when they are allowe<l to become per- 
fectly dry again. The damage is rrio.st apparent In gutters and a<lja- 
cent to overflowing drinking fountain.s. This defect has long been 
recognized; and varioius mci»surcs have been taken ti> overcome it, or 
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at least to reduce it to a minimum. In some cities, onlinances have 
been passe<l, seeking to r^ulate tlie sprinkling of the streets; and in 
many places tlie gutters are laid with stone or vitrified brick (see Figs. 




FiR. G4. 

G4 and G.'i), while in olliers die asplialt is laid to the curb, a space of 
12 to Ij inches along the curl* iwing covered witli a thin coatinj; of 
asphalt cement. 

Asphalt laid adjoining cciiter-ljearing street-car rails Is quickly 
broken down and destroyed. 'ITiis defect is not peculiar to asphalt. 
All ottier materials when placed in similar positions are cjuickly worn. 
Granite l>lo(ks laid along such tracks have lieen cut into at a rate of 
more than half an inch a year. 'ITie fre<]uent enteiing and tnrning off 
of veliicles from car tracks is one of the .severest tests that can be 
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applied to any paving material; moreover, tlie gauge of tnicks and 
vehicles is frecpiently greater than that of the rails, .so one wheel runs 
on the rail and the other outside. The numlier of wheels thus travd- 
ing in one line must quickly wear a rut in any material adjoining tlie 
center-i waring rail. 

To obviate tiie destruction of asphalt in .such situations, it is usual 
to lay a strip of granite block or brick paving along tlie rail. This 
pavement should l)e of sidficient width to support the wheeLs of the 
widest gauge using the street. 
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The bunung of leaves or making of fires on asf^ialt [ 
should not be permitted, as it iajuies the aaphali, ami the paving cuin-~~ 
poni^ cannot be compiled to repair the datnageil places uittiout 



Aqihatt Blocks. Asphalt paving bkx^ arc fDrtned from a mix- 
ture of asphaltic cement and crushed stone in the proptirtiun of S ti? 1 2 
per cent of cement to 88 and 92 per cent of stone. 'Hie materials are 
heated to a temperature of about 300° F., and mixed while hot in a 
• suitable vessel. When the mixing is com[dete, the material i.s placed 
in moulds and subjected to heavy pressure, after which the blocks are 
cooled suddenly by plunging into cold water. 

'Hie usual dimensions of the bkcbs are 4 inches wide, .'t inches 
deep, and 12 inches long.- 

FoundathML Tie bkicks are usually laid upon a concKle founda- 
tion with a cushion-coat of sand about i indi tliick. The}' are laid 
with&eir)engthatrightan{^ totheazis of the street, and tliG longitu- 
dinal joints should be broken by a 1^ of at least 4 inches. The blocks 
u«tbcn either rammed with hand rammers or rtilleil nidi itli^ht steam 
roller, the surface being covered with dean, fine ^antl ; nn juint fillin g L<i 
used, as, under the action of the sim and traffic, tlie blnclu soon l)ecoine 
cemented. 

The advantages claimed for a pavement of asphalt blocks over a 
continuous sheet of asphalt are: (1) That they can be made at a 
factory locate<l near tiie materials, whence they can be transported to 
the place where they are to l)e used and can be laid by ordinary paviors, 
whereas .sheet |)aveinents rc<)iiire special machinerj' and skilled labor; 
i2) tliat they arc le.'is slippery, owing to the joints and the rougher 
surface due to the nse of cTnshcd stone. 

Asphalt Macadam — Bituminous Macadam. Recently it bas been 
propose<l to use asphalt as a binding material for broken stone. 
'Jliere are two patented processes — the \Miinery and the Warren — 
which differ .slightly in details. 

The advantages claimed for these methods are: (1) The first 
coat will be materially less; {2) it will offer a t>etter foothold for horses; 
(3) it will Ite at lea.st as durable as the onlinnry sheet asphalt; (4) it will 
out sliift under traffic and roll into waves; (5) it will not crack; (6) it 
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can be repaired more cheaply ami «iUi less skilled laU»r than can the 
ordinary' sheet asphalt. 

Tools Employed in Construction of .Asphalt Pavements. The 




tools ii.'ied in laying .slit'ct asphidt jiaveiiients comprise in>ii rakes; 
hand rammers; siiii>nthin(r mmtt (I*"ig. 07); pouring puts (Fig. 69); 
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dxbcr with or w-Uboul a firc^pul (Vig. 68); and steam 
pffoviaMi foe beating the front roll llug. t)6). 
JaSntal in oxistrucUun, «ppearan<^, ami weight 
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FOOTPATHS— CURBS— GUTTERS. 

A footpath or walk is simply a road under another name — a road 
for pedestrians instead of one for horses and vehicles. The only 
difference that exists is in the degree of service required; hut the con- 
ditions of consruction that render a road well adapted to its object are 
very much the same as those recjuired for a walk. 

The effects of hea\y loads such as use carriageways are not felt 
upon footpaths; hut the destructive action of water and frost is the 
same in either case, and the treatment to counteract or resist these 
elements as far as practicable, and to produce permanency, nuist be 
the controlling idea in each case, and should be carried out upon a 
conmion principle. It is not less essential that a walk should be well 
adapted to its object than that a road should be; and it is annoying to 
find it impassable or insecure and in want of repair when it is needed 
for convenience or pleasure. In point of economy, there is the same 
advantage in constructing a footway skilfully and durably as there is 
in the case of a road. 

Width. The width of footwalks (exclusive of the space occupied 
by projections and shade trees) should be ample to accomodate com- 
fortably tl^e number of people using them. In streets devoted entirely 
to commercial purposes, the clear width should be at least one-third 
the width of the carriageway; in residential and suburban streets, a 
very pleasing result can be obtained by making the walk one-half the 
widtli of the roadway, and devoting the greater part to grass and shade 
trees. 

Cross Slope. The surface of footpaths uuist be sloj)cd so that 
the surface water will readily flow to the gutters. This sk)pe need not 
be verj' great; J inch per foot will be sufficient. A greater slope with a 
thin coating of ice upon it, becomes dangerous to pedestrians. 

Foundation. As in the case of roadways, so with footpaths, the 
foundation is of primary importance. Whatever material may be used 
for the surface, if the foundation is weak and yielding, the surface will 
settle irregularly and become extremely objectionable, if not danger- 
ous, to pedestrians. 

Surface. The re(iuirements of a good covering for sidewalks are: 

(1) It must be smooth but not slippery. 

(2) It must absorb the minimum amount of water, so that it 
may dry rapidly after rain. 
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{3} It must iifit be easily abratlc^l. 

(4) It must he <if uniform quality tlin>ugiiuut, so tliat it may 
wear evenly. 

(5) It must neitlier scale nor flake. 

(6) Its texture must be such tliat ihfii will nut mlliere to il. 

(7) It unist he durable- 

Matvriais. 'Ilie materials used for footpaths are as follows: 
Stone, natural ami artificial; wood; asplmll; brick; tar concrete; and 
gravel. 

f )f the natural stoiias, sandslouK (blueilune) and granite are ex- 
tensively enijjloyed. 

The hluestone, when well laid, forms an excellent {taving uiaterial. 
It is uf compact texture, absorbs water to a very limited extent, and 
hence .soon dries after rain ; it has sufficient hardness to resist abrasion, 
an<l wears well without becoming excessively slipper;-. 

Granite, altliough exceedingly rUirable, wears very slijipery, and 
its surface has to !« frefjuently rougheneil. 

Slaba, of whatever stone, must l>c of equal thickness throughout 
their entire area; the 
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eilges must Ije dresseti 
true to tile si|uare for the 
whole thickness (edges 
must not be left feather- 



ed as shown in Fig. 70) ; and the slabs mu.st be solidly bedded on the 
foundation and the joints filled with cement-mortar. 

Badly set or faultily dressed flagstones are very unpleasant to 
walk over, especially in rainy weather; the unevcnness causes i)edes- 
trians to stumble, and n>cking stttnes squirt dirty water over tl^eir 
clothes. 

Wood lias been largely used in the form of planks; it is cheap in 
first cost, but proves very expensive from the fact that it lasts but a 
comparatively short time and rwjuires constant repair to keep it 
from becoming dangerous. 

Asphalt forms an excellent footway pavement; it is durable and 
does not wear slippery. 

Brick. Brick of suitable cpiality, well and carefully laid on a 
concrete foundation, makes an excellent footway pavement for resi- 
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dential and suburban streets of large cities, and also for the main 
streets of smaller toAVTis. The bricks should be a good quality of 
paving brick (ordinary building brick are imsuitable, as they soon 
wear out and are easily broken) . The bricks should be laid in parallel 
rows on their edges, with their length at right angles to the axis of the 
path. 

Curbstones. Curbstones are employed for the outer side of foot- 
ways, to sustain the centerings and form the gutter. Their upper edges 
are set flush with the footwalk pavement, so that the w^ater can flo^^ 
over them into the gutters. 

The disturbing forces which the curb hlis to resist, are : (1 j The 
pressure of the earth behind it, which is frecjuently augmented by 
piles of merchandise, building materials, etc. This pressure tends to 
overturn it, break it transversely, or move it bodily on its base. (2) 
The pressure due to the expansion of freezing earth behind and l>e- 
neath it. This force is most frequent where the sidewalk is partly 
sodded and the ground is accordingly moist. Successive freezing and 
thawing of the earth behind tlie curb will occasion a succession of 
thrusts fonvard, which, if the curb be of faulty design, will cause it to 
incline several degrees from the vertical. (3) The concussions and 
abrasions caused by traffic To withstand the destructive effect of 
wheels, curl>s are faced with iron; and a concrete curb with a rounded 
edge of steel has Ixjcn patented and used to some extent. Fires built 
in the gutters deface and seriously injure the curb. Posts and trees 
set too near the curb, tend to break, displace, and destroy it. 

The use of drain tiles under the curb is a subject of much differ- 
ence of opinion among engineers. Where the subsoil contains water 
naturally, or is likely to receive it from outside the curWines, the use 
of drains is of decided benefit; but great care must be exercised in 
jointing the drain-tiles, lest the soil shall be loosened and removed, 
causing the curb to drop out of alignment. 

The materials employed for curbing are the natural stones, as 
granite, sandstone (bluestone), etc., artificial stone, fire-clay, and cast 
iron. 

The dimensions of curbstones vary considerably in different 
localities and according to the width of tlie footpaths; the wider the 
path, the wider should be the curb. It should, however, never be less 
than 8 inches deep, nor narrower than 4 inches. Depth is necessary 
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to [MCT e m die cmb tunutig over towartl tl>e jitter. It shuuld never 
be in mallB' lengths than A fret. 'Hie tup surface sliouli] be beveled 
nlllnc iiiifciiiu lu tlie sluiK- of the fuotpatli. The fruiii fu<.« should l>e 
Iwwiiwi ilmimliM ■ih|ilhnf ■hnntfimrtinn. in nriln- fhit Ihrrr mnj 
beaanoodiaaiiMemiUeaguBSttfiegiitta'. lie batl for 3 inches 
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ban die top diDuId also be dressed, ao tibat the flMgpng wr other paving 
aiay butt fiuri^ainst it. Hie end joints ^Mridd be cut tnil;f square, 
die fon diickness of die stone at die tc^ and so much below die top as 
vin be exposed, tbe remaining portion of the depth and bottom should 
be roughly squaretl, and tlie bintom should be fairly parallel to tlie 
top. fSee nps. 71 ami 72'. 

Artificial Stone, .\rtifidal stone is Win;; eNlen,«iveIv used as a 




footway pa\-ing material. Its uianiifiictiire i.s the subject of several 
patents, and numerous kimis are to l)e had in the market. \Mien 
nianufactnral of fir.st-cla-ss materials ami laid in a substantial manner, 
with proper provision against theat-tiun of fri>,st, artificial stone forms 
a durable, agreeable, aiul ine.\i>eusive pavement. 
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The varieties mnst extensively iise*I in the United States are 
known by the names of (/roHo/rtAfc, mondifhic, firrolithic, ko-wincrfle, 
metalHhic, etc. 

The process of manufacture is practically the same for all kinds, 
the difference being in the materials em- 
ployed. The usual ingredients are Port- 
land cement, sand, gravel, an<l crushed 
stone. 

Artificial stone for fofjtway pave- 
ments is formetl in two ways — namely, 
in blocks manufactured at a factory, 
brought on the ground, and laid in the 
Fig. Ti. TiiiuiK/r. same manner as natural stone; or the raw 

materials are brought upon the work, pre- 
pared, and laid in place, blocks being formed by the u'* nf board 
moulds. 

Tlie manner of laying is practically the same for all kinds The 
area to be paved is excavated to a mini- 
mum depth of 8 inches, and to such great- 
er depths as the nature of the ground may 
re<]uire to secure a solid foiuidation. The 
surface of the ground so exposed is well 
compacted! by ramming; and a layer of 

gravel, ashes, clinker, or other suitable material i'^ spread and (.Mi~, ili- 
daled;on this is placed the concrete wearing surface, iisudlh I nuhcs 
thick. As a protection against the lifting 
effects of fn)st, the coiKTete is laid in 
squares, rectangles, or other forms hav- 
ing areas ranpng from to 30 scjuare 
feet, strips of wood being employed tii 
form moulds in which the contTCte is 
placed. After the contTete is set, these strips arc removeil, leaviiifr 
joints aliout half an inch wide Iwtween the blocks. I'nder .some 
patents these joints are filled with cement; under others, with tarred 
paper; and in some ca,ses they are left open. 

Tools Employed in Construction of Artificial Stone Pavements. 
Tampers (Fig. 73). Cast iron, with hickory handle; range from 6 
by 8 inches to 8 by 10 inches. 
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Quarter-Round. (Fif;. 74). Madt of any desired radius. Used 



fur forming fi 



..Icilce, 




Jointer (Fig. 75). Vseti for 
I.'iminiiig and finishing the jniiil.i. 

Cutter (Fig. "(i). I'sed fnr cut- 
ting the concrete into blocks. 

Gutter Tool (Fig. 77). Used 
f(ir forming and finishing gutters. 

C, ' -H Imprint Roner.'< (Figs, 78 and 

■ I-' - ■ .., '{ 70). Here are showii twn designs 

nf rollers for imprinting the surface 

' of aitificial sIduo pavements with 

grooves, etc, 
SELECTINQ THE PAVEMENT 
The problem of selecting the best pavement for any particular 
case is a local one, not only for each city, but also for each of the various 
parts into wlufh the city is imperceptibly divided; and it in\'olves so 
many elcment-s that the nicest balancing of the relative values for each 
kind of pavement is required, to arrive at a coiTect conclusion. 

In some localities. llie proximity of one or more paving nialerials 
determines the character of the pavement; 
while in other cases a careful investigation 
may be requireti in order to select the 
most suitable material. I^oca! amditions 
should always lie considered; hence it is 

not possible to lay down any fixed nile as to what material makes the 
best pavement. 

The (jualities essential to a gnoil pavement may be stated as 
follows: 

(1) It should be imj>ervious. 

(2) It should aiford gooil footholil for horses. 

(3) It shouhl be hard and durable, .so a,s to resist wear and dis- 
integration. 

(4) It should be adapted to every grade. 
(.')) It should suit every class of trairic. 

(0) It sh(ndd offer the minimum resistance to traction, 

(7) It .should be noiseless. 

(8) It should yield neither dust nor mud. 
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(9) It should be easily eleanetl. 

(10) It should l>e cheap. 

Interests Affected in Selection. Of the alM>ve re(|iiire:iioiit.-<, 

numbers 2, 4, 5, and Ci affec-t the traffic; and detemiiiie the i'"st of luuil- 
age by the liiriitutions nf limds, sjHjeil. 
and wear ami te.ir of horses and ve- 
hicles. If the sKffiice is niii};h or the 
ftMitiiolil bad, the weight of the load 
a horse can draw is decreased, thus ne- 
cessitatinji tlie niakin;j of more trips or 
the einpliiynient of more horses an<l 
vehicles to move a pi^en weight. A 
defective surface necesHitnfes a refluc- 
tifin in the si)eed of movement and 
cnnse<|uent lo,s.s nf time; it increases the 
wear of horses, thus dwreasint; their 
i.i«.w. impriuiKoiiw. \\f^ nnTvicv and k"«enin{; the value of 

tlieireurrent services; it also increases 

the cast of maintaining vehicles and 

harness. 

Numl>er3 7, S, an<l affect the 

occupiers of adjiicent premises, whc) 

suffer from the effect of dust and 

noi.se; th^' also affect the owners "f 

said premises, whose income from 

rents is diminished where these disud- 

vunta^^ exist. Nunihcrs :i and 1(1 af- 
fect the taxiKiyers alone — first, as to 

the length of time during wliich tlic 

<«vering remains serviceable; and sec- '"■'■ "'■ ""i""" 

oml, as to tlie amoimt of the ainmal 

repairs. NuTuher I iillVrts the adjacent orcnjiicrs jirin 

hygienic gn>iin<ls. XinrilicrsT ami N idlVct Imtii traffic anil 
Problem Involved in Selection. 'I'lio j)i-ohle;Ti invoh 

selection of the most suitable |Kivciiieiit consists of the following 

factors; (1) ad.aptal»ility; (2) desirability; Ci) serviceability; f II dunt- 

bility; (^t) <i»st. 

Adaptability. Tin- liest pavement for any given miidwiiy will 




I in tlie 



d^ieiiil altofjetliCT on Iwiil ciniiiiistiiTitcs, Pavements must lie adapt- 
it\ 1(1 the rluss of tniflif tliul will use them. The pavement suitable 
for a n>n<l through an ai^TUiiltura] district will not be suitable for the 
stitTts of a inanufarturing tenter; nor will the covering suitable for 
hea\y trafhc W suitable for a plea.sure drive or for a residential distritl. 

fteneral experience indicate-s the relative fitness of the several 
materials as fotluws: 

For countn' romls. suburban streets, and pleasure drives — broken 
stone. For streets having heavy and constant traffie — ^reclungular 
blocks of stone, luid on a concrete foundation, with the joints fiUeil 
with bituminons or Portland ceinent grout. For .streets devoted to 
retail trade, and where comparative iioiseles.sne.s.s is essential — asphalt, 
«-<io<l, or brick. 

Desirability. 'ITie desirability of a pavement is its possession of 
(]ualitie» which uiake It .satisfactory to the people using and seeing it. 
Between two pavements alike in cost and durability, people will have 
preferences arising from the witidition of tlieir health, presonal pre- 
judices, and varioiLs otiier intangible inBuenees, causing them to select 
one rather than the other in their respective streets. Such selections 
arc often made against the demonstrated economies of the ca.se, and 
usiinliy ill ignorance of them. AVhcnever one kind of paveniciit is 
more economical and .ssitisfactory to use than is any other, there sliould 
not be iuiy difference (»f opinion alwut .securing it, either a.s a new 
paivnicnt or in the replacement of an old one. 

'I'he economic desirability of pavements is governed by the ease 
of movement over them, and is nieji.sure<l by the number of horses or 
pouniis of tractive force rc(|uire<l to move a given weight — usually one 
ton— over them. The resistance offered to traction by different |mve- 
mcnts is shown in the following table: 

Resistance to Traction on Different Pavements 
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Serviceability. Tlie serviceability of a pavement is its quality of 
fitness for use. This quality is measured by the expense caused tp the 
traffic using it — ^namely, the wear and tear of horses and vehicles, loss 
of time, etc. Xo statistics are available from which to deduce the 
actual cost of wear and tear. 

The ser\nceability of any pavement depends in great measure 
upon the amount of foothold afforded by it to the horses — provided, 
however, that its surface be not so rough as to absorb too large a per- 
centage of the tractive energ}' recjuired to move a given load over it. 
Cobblestones afford excellent foothold, and for this reason are largely 
employed by horse-car companies for paving between the rails; but 
tlie resistance of their surface to motion requires the expenditure ot 
alx)ut 40 pounds of tractive encrgj' to move a load of 1 ton. Asphalt 
affords the least foothold; but the tractive force require<l to overcome 
the resistance it offers to motion is only about 30 pounds per ton. 

Comparative Safety. The comparison of j)avements in respect of 
safety, is the average distance travele<l before a horse falls. The 
materials affording the best foothold for horses are as follows, state<l 
in the order of their merit: 

(1) Earth, dry and compact. 

(2) Gravel. 

(3) Broken stone (macadam). 

(4) Wood. 

(5) Sandstone and brick. 
(0) Asphalt. 

(7) (rranite blocks. 

Durability. The durability of pavement is that quality which 
determines the length of time during which it is serviceable, and does 
not relate to the length of time it luis been down. The only measure 
of durability of a pavement /.• the amount of trajjic tonnage it will bear 
before it hecom<^s so worn that the cost of replacing it is less than the 
expnu'ie incurred by its use. 

As a pavement is a c^onstruction, it necessarily follows that there 
Ls a vast difference l)etween the durability of the pavement and the 
durability of tlie materials of which it is made. Iron is eminently 
durable; but, as a paving material, it is a failure. 

Durability and Dirt. The durability of a paving material will 
vary considerably with tlie condition of cleanliness observed. One 
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inch of overlying dirt will most effectually protect the pavement froni 
iiSrosioii, and indefinitely prolonf; its life. But the dirt is expensive, 
it injures apparel and merdiandise, and is tlie cause of sickness and 
iliscomfnrt. In the comparison of different pavements, no traffic 
should he credited to tlie dirty mie. 

Life of Pavements. Tlie life or durahility of riiffercnt pavements 
under like conditions of traffic and maintenance, may Iw taken as 

Life TermB of Various l^venieiit§ 
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Cost, 'flic ([uestion of cost is the one wliich usually interests 
taxpayers, and is prt»halily the p-ealest stumbling-block in the attain- 
ment of good roadways. The first cost is usually chai^e<l afpiinst the 
property abutting on the highway to be improved. 'Ilie re-sult is that 
the average property owner is always anxious for !i pavement that costs 
little, because he must pay for it, n()t caring for the fact that cheap 
pavements soon wear out and become a source of endless annoyance 
and expense. Thus false ideas of economy always have sttwd, and 
undoubtedly to some extent always will stand, in the way of realizing 
that the best is the cheapest. 

The pavement which has cost the most is not always the best; nor 
is that which cost the least the cheapest; /fee on^ic/iicA is Iruitf tlu: clu-ap- 
est is t}w one which makes the mosi profitable relums in proporfion to the 
amount cxpemlfd upon it. No lioubt there is a limit of cost to go be- 
yond which would produce no practical benefit ; but it will always be 
found more economical to spend enough to secure the best results, and 
this will always cost less in the long run. One dollar well spent is 
many times more effective than one-half the amount injudiciously 
expended in the hopeless effort to reach sufficiently good results. The 
cheaper work may look as well as the more expensive for the 
time, but may very soon have to be done over again. 

Economical Benefit. The eci>nomic benefit of a good roatlway is 
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comprised in its cheaper maintenance; the ^eater facility it offers for 
traveliiig, thus reducing the ct>st of transportation; the lower cost of 
repairs to vehicles, and less wear of horses, thus increasing their term 
of servioeability and enhancing the value of their present service; the 
saving of time; and the ease and comfort afforded to those using the 
roadway. 

Rrst Cost* The cost of construction is largely controlled by the 
locality of the place, its proximity to the particular material used, and 
the character of the foundation. 

The Relative Economies of Pavements — whether of the same 
kind in different comlition, or of different kinds in like good condition 
— are sufficiently determined bysumming their cost under the following 
headings of account: 

(1) Annual interest upon first cost. 

(2) Annual expense for maintenance. 

(3) Annual cost for cleaning and sprinkling. 

(4) Annual cost for service and use. 

(5) Annual cost for consecjuential damages. 

Interest on First Cost. The first cost of a pavement, like any 
other permanent investment, is measurable for pur|X)ses of comparison 
by the amount of annual interest on the sum ex])ende<l. '^riuis, assum- 
ing the worth of money to l)e 4*^^, a pavement costing S4 per scjuare 
yard entails an annual interest loss or tax of S().l() jx»r sf|uare yard. 

Cost of Maintenance. Under this head must be included all out- 
lays for repairs and renewals which are nuule from the time when the 
pavement is new and at its l^est to a time substHjuent, when, by any 
treatment, it is again put in ecjually gcnul condition. The gross sum 
so derived, divided by the numl)er of years which elapse between the 
two dates, gives an averiige annual cost for maintenance. 

Maintenance means the keeping of the pavement in a condition 
practically as good as when first laid. '^I'lie cost will vary considerably 
depending not only upon the material and the manner in which it is 
constructed, but upon the condition of cleanliness observed, and the 
quantity and quality of the traffic using the pavement. 

'^The prevailing opinion that no pavement is a good one unless, 
when once laid, it will take care of itself, is erroneous; there is no such 
"pavement. All pavements are being constantly worn by traffic and 
by the action of the atmosphere; and if any defects which appear are 
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not quickly repaired, the pavements soon become iinaatisfactory and 
are destroyed. To keep them in good repair, incessant attention is 
necessary, and is consistent w-ith economy. Yet claims are made that 
particular pavements cost little or nothing for repairs, simply iK-cniise 
repairs in these cases are not made, while any one can see the need of 
them. 

Cost of Cleaning and Sfrrinklinii. Any pavement, tti lie con- 
sidered as properly careil for, must be kept dustleas and clean. V\liile 
cireumstances Icjfi tin Intel v drterniiiie in many cases that streets must 
be cleaned at daily, weekly, or semi-weekly intervals, the only admis- 
sible condition for the purpose of analysis of street expenses must l>e 
that of like refjuirenients in lx)th or all cases sulijectetl to comparison. 

The cleaning! of pavements, as regards Ujtli efficiency and cost, 
ilepends fl) upon the character of the -surface; (2) upon the nature of 
the materials of which the pavements are composci!. Block pave- 
ments present the greatest difficulty; tlie joints can never lie perfectly 
cleaned. 'ITic order of merit as regards facility of cleansing, is: fl) 
asphalt, (2) hrick, f3} stone, (i) wrKnl, f5) macadam. 

Coxl of Senw and Vxr. The annual cost for service is made up 
by combining several items of co.st inciiletital to the u.'^e of the pave- 
ment for traffic — -fur instance, the limitation of the sjiccd of movnuent, 
as in cases where a ba<l pavement causes slo.w dri^nng and consequent 
loss of time; or cases where the condition nf a pavement limits the 
weight of the load which a horse can haul, and so compels the making 
of more trips or the employment of more horses and vehicles; or cases 
where conditions are such as to cause greater wear and tear of vehicles, 
of equipage, and of horses. If a vehicle is run 1,500 miles in a year, 
and its maintenance costs ■S.'iO a year, then the cost of its maintenance 
per mile traveled is two cents. If the value of a team's time is, say, 
$1 for the legitimate time taken in going one mile with a load, and in 
consequence of bad romis it takes <iouble that time, then the cost to 
traffic from having t<j use that one mile of bad roadway is $1 for each 
load. Tlic same reasoning applies to circumstances where the weight 
i)f the load ha,s to be reduced so as to necessitate the making of more 
than one trip, .\gain, bad pavements lessen not only the life-service 
of horses, but also the value of their current service. 

Cost for Conseqiteiiilal Damages. Tlie determination of conse- 
quential damages arising from the use of defective or unsuitable pave- 
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ments, involves the consideration of a wide arrav of diverse cireiim- 
stances. Rough-surfaced pavements, when in their best (condition, 
afford a lodgment for organic matter com|X)se<l largely of the urine 
and excrement of the animals employed u|H)n the roadway. In 
warm and damp weather, these matters un<lergo putrefactive fer- 
mentation, and l)ea)me the most efficient agency for generating and 
disseminating noxious vapors and disease germs, now re<rognize<l as 
the (*ause of a laige part of the ills afflicting numkind. lavements 
formed of porous materials are objectionable on the same, if not even 
stninger, grounds. 

Pavements pnnluctive of dust and mud are objectiomible, and 
especially so on streets devoted to retail tra(h». If this parti(Mdar 
disadvantage l>e appraised at so small a sinn per Iin(»al foot of frontage 
as $1.50 per month, or six cents per day, it exceeds the cost of the best 
c|uality of pavement free from these disa<l vantages. 

Ilough-surfaced pavements are noisy und(T traffic and insulTeral)le 
to nervous invalids, and much nervous sickness is attributable to tliem. 
To all persons interestetl in nervous invalitis, this damage from noisy 
pavements is rate<l as being far greater than would be the cost of sub- 
stituting the best (luality of noiseless pavement; but there are, under 
many circumstances, sj)ecific finaiu-jal losses, measurable in ddllars 
.and cents, dependent upon the use of rough, noisy pavenuMits. Tiu'y 
re<luce the rental value of buildings and offices situated upon streets 
so paved — offices devote<l to pursuits wherein exhausting brain work 
is rerjuired. In such locations, (|uictness is almost iiulispensable, 
and no question alx)ut the cost of a noiseless pavenu'ut w<'ighs against 
its possession. When an investigator has done the best he can t»» 
determine such a summary of costs of a pavement, he may divide the 
amount of annual tonnage of the stre<'t traffic by the amomit of ammal 
costs, and know^ what number of tons of traffic are borne for each cent 
of the average annual cost, which is the crucial test for any comparison, 

as follows: 

(1) Annuftl iiitoH'st iipon first cost $ 

(2) Averago annual expense for nuiint(*nan(je and r<*newal. . . 

(3) Annual cost for custody (sprinkling and cleaning) 

(4) Annual cost for service and use 

(5) Annual cost for consequential damages 

Amount of average annual (?ost 

Annual tonnage of traffic 

Tons of traffic for each cent of cost 

Gross Cost of Pavements. Since the cost of a pavement depends 
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REVIEW QUESTIONS. 



PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclo]>ediu n\i- 
nierous illustrative examples are worked out in 
detail in order to show the ap])lication of thi; 
various methods and principles. Accrompanying 
these are examples for practice wliicrli will aid th(; 
reader in fixing the principles in mind. 

In the following pages arc given a larg'* nuin> 
ber of test questions and problems which afford a 
valuable means of testing the reader's knowledge 
of the subjects treated. They will be found exet-l- 
lent practice for those preparing for Civil Service 
Examinations. In some cases numerical answers 

are given as a further aid in this work. 
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REVIEW QLTESTIOXS 



bkijh:k rno I xk kk ixo 



1. Wrilc a short historj- of rarly briiigcs. 

'2. Define: Truss, Ijiidgu tniss, truss l)ri<lgt', ^inlrn 
girder bridges. 

3. Draw an outline of a llin»iij,'ii liri.lgc. ami jiIs.j mm cnil 
a. deck bridge. 

-1. Mukr an ontline diagruin of a trnss, iind wrilr ibe 
of the various parts on the respective metnlHTs. 

5. Make an outline diagmm of :i Wurren, Umve. 
bowstring, and Baltimore truss. 

0. Compute tile weight of steel in a I3()-fiM>t higliwiiy 
whose trusses are 16 feet center to center, given l\' - 31 f 
0.1Gfc/ + 0.7/. 

7. Compute the weight of steel in ii dei'k |iliile-ninliT .t 
100 feet. Ixtading. K 50. (liven If' -- IJtd | IL'.u;. 

S. What are njutraSmt unijimn Umdnf 

!l. What is Cottiier's F, 40 liMwIing? 

10. Prove that the stn-.ss in a diagonal nf n Imri/iMitnl 
tniss with a simple web system is V see >/>. 

11. Prove that the chord stress is -V ^ /i, whire .1/ is lliiti 
at the point, and h is the height of the truss. 

12. Prove that the load must 1h' (in llie .si-gnient of the s 
the right of the section to pHxiuee tlie inuxiniuin jMisilive shear. 

13. Compute the maximum positive and negative Ii- 
shears in a 13-panel Howe truss, the live panel loud being 
pounds. 
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bridge: ENGINKERINa 



1. Write an essay of 200wordaon theecononuc conidderotioDs 
governing the dedaon to build and the decision as to what kind of 
bridge to employ. 

2. What determines the hei^t and width of railroad tniss 
bridges? 

3. Draw a clearance diagram for a bridge on a atiai^t track, 
and state what allowance should be made if the bridge is on a curve. 

4. Hescribe a stress sheet, and tell what shouUl be on it, 

T). Miike a sketch of a cross-section of a deck [>late-tpnicr, 
showing the eross-ties, giiaixl-niils, and mils in place. 

0. Make a sketcli shoninn how tracks on cunes are con- 
structed. 

7. AMiat is the s]>an umier coping, the sjstn center to center of 
Ixiarings, and the span over uIlV 

8. Design a tie for ('oojxt's E 50 loading. 

9. If llie eii<l shear of a plafe^inler is ;«I4 m) pounds, design 
the web section, it Ix-ing lUX inches deep, 

10. If the dead-load moment is S 4S9 (HX) pnind-inchcs and 
the live-load moment is 'M) (ilO 000 pound-inclies, design the Jlangc, 
if the distance liack to Iwck of flange angle, is 7 feet 6^ inches, it K'ing 
a.ssumed that the wch does not take any Ix-nding moment. 

11. If, in the jrirder of (Question 10, alwve, the web were 00 by 
-j'j-inch, design the flange, considering J of the gross area of the web 
as effective flange area. 
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HIGHWAY COXSTKUCTION 
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1. U|X)n what docs the ea.se with which a vehicle can Iw moved 
on a roatl (le|)eiul? 

2. WTiat kind of a road surface offers tlie f^eatest resistance to 
traction? 

3. How may the |H)wer rec|uired to draw a vehicle over a pn)- 
jecting .stone be calculated? 

4. WTiat effect has gravity on the load a horse can pull? 

5. Under what condition is the tractive |)ower of a horse de- 
creased? 

G. Wliat are the best methods for improving sand n)iuls? 
7 State briefly how earth is l(K)sened and trans|)orted and the 
conditions under which each method is most advantageous? 

8. \Miat are the essential recjuisites for securing a good gravel 
road? 

9. How should gravel roails be repaired? 

10. State the considerations that control the maximum grade. 

11. How should different grades be joined? 

12. \Vliat considerations control the w^idth of a roiwl? 

13. Wliat is the essential quality of a stone used for i*oad 
«)vering? 

14. WTiat should Ik* the sha|>e and size of bn)ken stone? 

15. For a light traffic road what thickness should the layer of 
broken stone have? 

16. How should tlie foundation for the broken stone be pre- 
pared? 
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4. Whnl iiiflu. 
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■s rt-'ctaiitiiiljir stunea laid on steep gmdes? 
lage of 
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iid siib-Burface draii 



What iiro the [jrincijial oh 

What deterrninea the best width ft 



til wood ' 



I pttveiiieiitti: 
r a street? 

9. In filling the joints with gravel and bituminoua cement. 
what ehould be the condition of the material! 

10. AV'hat controls the iiiaxiinuni grade tor a given street! 

11. What varieties of wood give the most satisfHCtory results? 

12. To what teats are stones intended for paving subjecti'd? 
lit. Dii coblilestunea form a satisfactory [Htvement? 

14. What [irojH^rties ahonld a stone possess to produce a sal- 
isractiiry paving block? 

l'>. How are expansion joints formed in a pavement? 

Ki, What is the most suitable material for the foundation of 
a pavement? 

17. I'nder what class of trattic may wood be used? 

18. Upon what does the durability of a jwveraent dejwnd? 

I'J. What materials are employed for tilling the joints be- . 
tween the paving blocks? 
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